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ABSTRACT
The th e s is  i s  an account o f an in v e s t ig a t iv e  s tudy in t o  th e  
n a tu re  o f p e rc e p tu a l-m o to r a b i l i t i e s .  P a r t one co n s id e rs  
W i tk in 's  c o n s tru c t o f c o g n it iv e  s ty le ,  u s in g  i t  to  p re d ic t  th e  
r e la t io n s h ip s  between th re e  te s ts  o f  p e rc e p tu a l fu n c t io n in g  from  
w id e ly  v a ry in g  a reas o f psychology and s p o r ts  sc ie n c e .
To some e x te n t th e  r e s u l t s  were as p re d ic te d ;  th a t  i s ,  
those  people d em on s tra ting  h ig h  le v e ls  o f  p e rc e p tu a l a c u ity  on 
one te s t  a ls o  showed s im i la r  a c u ity  on one o r more o f the  o th e r 
p e rc e p tu a l te s ts .  These r e s u l t s ,  however, o n ly  a p p lie d  to  th e  
male s u b je c ts  and then  o n ly  when the  o p p o s ite  p o le s  o f  one 
te s t-d im e n s io n  were p a r t i t io n e d  out and compared. The fem ale 
s u b je c ts  dem onstra ted no s ig n i f ic a n t  r e la t io n s h ip s  between th e  
th re e  te s ts .  As a r e s u l t ,  i t  was proposed th a t  the  te s ts  were 
indeed  l in k e d  bu t by an a rra y  o f u n d e r ly in g  p e rc e p tu a l a b i l i t i e s  
ra th e r  than  by a s in g le ,  o v e r ly in g  c o g n it iv e  o r p e rc e p tu a l 
s t y le .
In  th e  ensu ing  search fo r  these a b i l i t i e s ,  76 measures o f  
p e rc e p tu a l and p e rc e p tu a l-m o to r s k i l l s  were fa c to r  ana lysed to  
re v e a l 8 o b liq u e  p e rc e p tu a l-m o to r fa c to r s  o f w h ich  one was 
in te r p r e te d  as be ing  p e rce p tu a l s ty le .
The n a tu re  o f p e rc e p tu a l-m o to r a b i l i t i e s  i s  d iscussed both 
in  r e la t io n  to  c lum siness and to  s p o rts  t r a in in g  w ith  the  
emphasis be ing  on w hether such a b i l i t i e s  a re  amenable to  
a l t e r a t io n .  The th e s is  p u ts  fo rw a rd  th e  p roposa l th a t  an upper 
l i m i t  to  each a b i l i t y  is  f ix e d  f o r  each in d iv id u a l in  e a r ly  
ch ild h o o d  bu t th a t  t h i s  p o te n t ia l  may be maxim ised through 
re le v a n t t r a in in g .
The P e rce p tu a l-M o to r A b i l i t y  P r o f i le  was dev ised  as a to o l 
w ith  which to  in d ic a te  the  a p t itu d e  a person evidenced f o r  a 
p a r t ic u la r  s p o r t o r p h y s ic a l a c t i v i t y  and was used in  
d e m o n s tra tio n  to  d e sc rib e  th e  group a b i l i t i e s  o f fo u r  dancers 
w ith  re sp e c t to  the  re q u ire m e n ts  o f t h e i r  chosen a c t i v i t y .
F in a l ly ,  a model o f p e rc e p tu a l-m o to r fu n c t io n in g ,  r e la t in g  
th e  e ig h t  fa c to r s  e x tra c te d , i s  suggested.
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The common fa c to r s  to  a l l  s e l f - ré g u la  t in g  mechanisms a re : 
( i )  in p u t in fo rm a tio n  upon w h ich  th e  mechanism a c ts , ( i i )  th e  
ou tp u t behav iour w h ich  i s  th e  a c t i t s e l f ,  ( i i i )  th e  "b la c k  box" 
s itu a te d  between these  two w h ich , in  one way o r a no the r, 
in te r p r e ts  th e  in p u t and is s u e s  th e  o u tp u t commands and ( i v )  th e  
feedback w h ich , by add ing  to  th e  in p u t ,  le t s  th e  mechanism 
"know" hew a p p ro p r ia te  i t s  o u tp u t behav iou r has been to  th e  
s i tu a t io n .  The human s e l f - ré g u la  t in g  mechanism has l ik e w is e  
been described  in  a s im i la r  manner ( F i t t s  and Posner, 1967; 
W e lfo rd , 1968; W h it in g , 1975). Human movement f i t s  p a r t ic u la r ly  
e a s i ly  in to  such a system . In p u t i s  p redom inan tly  v is u a l but 
may a ls o  be v ia  any o f th e  o th e r  senses. Output i s  the  
v o lu n ta ry  m otor behav iou r o r movanent o f the  person ; e i th e r  th e  
whole body o r ju s t  a p a r t .  The b la c k  box where th e  c r i t e r i a  f o r  
the  in te r p r e ta t io n  o f  the  in p u t and th e  d e c is io n  f o r  the  o u tp u t 
a re  to  be found is ,  o b v io u s ly , th e  c e n tra l nervous system 
(C .N .S ,) .  L a s t ly  th e  feedback, t h is  i s  th rough  two channels.
The f i r s t  i s  e x te rn a l and i s  s im p ly  th e  change in  th e  o r ig in a l  
in p u t b rough t about by th e  o u tp u t b eh a v io u r; t h i s  feedback may 
be e ith e r  d is c re te  o r  co n tin u o u s . The second i s  in te r n a l  and i s  
th e  con tinuous  m o n ito r in g  o f  th e  s ta te  and p o s i t io n  o f th e  body 
w h ile  a c t in g  o u t i t s  des ign a te d  r o le .  T h is  p e rc e p tio n  o f body 
p o s it io n  frcm  re c e p to rs  in  th e  jo in t s ,  tendons, m uscles and 
v e s t ib u la r  appa ra tus  i s  g e n e ra lly  termed "p ro p r io c e p t io n "  
(S h e rr in g to n , 1906; D ic k in s o n , 1974).
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When a mechanism is  w o rk in g  c o r r e c t ly  ( th a t  is ,  i t s  o u tp u t 
i s  in  accordance w ith  i t s  in p u t )  one can g e n e ra lly  assune th a t  
a l l  fo u r  p a r ts  o f th e  system are  w o rk in g  c o r r e c t ly ,  
ccxnplementing each o th e r in  t h e i r  designed fa s h io n . When i t  i s  
n o t w o rk ing  c o r r e c t ly ,  however, th e re  may be a f a u l t  in  any 
s in g le  p a r t  o r any p o s s ib le  co m b ina tion  o f th e  fo u r  p a r ts  w ith  
th e  end r e s u l t  s t i l l  be ing  an in a p p ro p r ia te  response to  th e  t ru e  
requ irem en ts  o f  th e  s i tu a t io n .  T h is  i n a b i l i t y  o f  th e  mechanism 
to  fu n c t io n  to  p reconce ived  c r i t e r i a  o f perform ance i s  u s u a lly  
diagnosed as a f a u l t  in  a machine o r as a la c k  o f s k i l l  in  a 
human o p e ra to r .
The term " s k i l l "  has o f te n  been th e  s u b je c t o f  v a r ie d  
d e f in i t io n  but most appear to  in v o lv e  th e  task  be ing  complex and 
th e  concept o f in t e n t io n a l i t y ,  W h itin g  (1975) uses the  
fo l lo w in g  "ccanposite" d e f in i t io n .  S k i l l s  a re
"com plex, in te n t io n a l  a c t io n s  in v o lv in g  a whole 
cha in  o f sensory, c e n tra l and m otor mechanisms 
which th rough  the  process o f le a rn in g  have come 
to  be o rgan ised  and c o -o rd in a te d  in  such a way 
as to  a ch ieve  p re -d e te rm in e d  o b je c t iv e s  w ith  
maximum c e r t a in t y . "
I t  i s  a ls o  th e  n a tu re  o f s k i l l  to  be task  s p e c i f ic .  A 
person, f o r  example, may be s k i l le d  as a la th e  o p e ra to r b u t 
u n s k i l le d  in  c i r c u i t  s o ld e r in g  even though bo th  ta sks  in v o lv e  a
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h ig h  degree o f v is u a l ly  guided m otor c o n t r o l .  T h is  component o f 
bo th  s k i l l s  can be regarded, argues F le ishm an (1 9 6 6 ), as an 
u n d e r ly in g  " a b i l i t y " .  T h is  d is t in c t io n  between s k i l l  and 
a b i l i t y  w i l l  be d iscussed  more f u l l y  la t e r  on. I t  is ,  however, 
a p ro du c t o f modern f o lk lo r e  th a t  someone who i s  a b le  to  perfo rm  
w e l l  a t  one k in d  o f s p o r t  i s  p red isposed tow ard  p e rfo rm in g  w e l l  
in  v i r t u a l l y  a l l  o th e r k in d s  o f s p o r t,  re g a rd le s s  o f t h e i r  
s im i la r i t y .  T h is  b e l ie f  may w e ll o r ig in a te  in  schoo ls  where i t  
o f te n  appears to  be the  case th a t  one o r two in d iv id u a ls  are  in ,  
i f  n o t c a p ta in  o f ,  a l l  th e  s p o rts  teams and a re  consequen tly  
deemed to  have a n a tu ra l p ro p e n s ity  f o r  s p o r t .  The concept o f a 
g e n e ra l a b i l i t y  o u tw ith  the  s p o r tin g  c o n te x t was genera ted 
p r in c ip a l ly  by th e  B r i t i s h  school o f c o g n it iv e  development w hich 
emphasized a h ie r a r c h ic a l s tu c tu re  o f a b i l i t i e s  c u lm in a tin g  in  
an o v e r a l l  o r "g "  f a c to r .  T h is  concept to o  w i l l  be d iscussed in  
l a t e r  s e c tio n s .
I t  w ou ld  appear then , th a t  frcm  a c o n s id e ra t io n  o f a 
g en e ra l model f o r  a s e l f - ré g u la  t in g  mechanism and i t s  re levance  
to  th e  human o p e ra to r , one has been b ro u g h t o f n e c e s s ity  to  a 
d e l ib e r a t io n  on th e  m otor aspects  o f s k i l l e d  perfo rm ance . T h is , 
however, i s  o n ly  a r e f le c t io n  o f th e  h is t o r ic a l  p e rs p e c tiv e  from  
w h ich  s k i l le d  perform ance has been s tu d ie d . Indeed, th e  ve ry  
d e f in i t io n  o f s k i l l  i t s e l f  re fe r s  p r in c ip a l ly  t o  p a r t ic u la r  
perfo rm ance c r i t e r i a  be ing  met by m otor o u tp u t.  W h itin g  (1975) 
makes p a r t i c u la r  re fe re n c e  to  th e  fa c t  th a t  th e  presence o r 
absence o f s k i l l  can o n ly  be in fe r re d  from  th e  c o rre c tn e s s  o f
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th e  m otor o u tp u t. C onsequently , s tu d ie s  o f s k i l le d  behav iour 
have tended to  ^nphasize  th e  o u tp u t p a r t  o f the  model. Thus, 
w h i ls t  in d iv id u a l d if fe re n c e s  in  s k i l l  a re  measured by t h e i r  
v a r ia n c e  in  m otor ou tpu t (g iv e n  th e  same ta s k ) ,  i t  has seldom 
been th e  case th a t  the  w o rke rs  concerned w ith  s k i l le d  
perform ance have a ttem pted  to  lo o k  a t  in d iv id u a l  d if fe re n c e s  in  
p e rc e p tio n  o f th a t  ta s k . I t  i s  t ru e  th a t  in  a systems a n a ly s is  
approach to  s k i l le d  b ehav iou r th e  amount o f in fo rm a tio n  in  te rm s 
o f  channel c a p a c ity  i s  u s u a lly  co ns ide re d  ( in  fa c t  m a n ip u la tio n  
o f  the  amount o f in p u t i s  more o f te n  th a n  no t the  independent 
v a r ia b le  in  th e  expe rim en t) b u t t h i s  i s  n o rm a lly  a q u a n t i ta t iv e  
assesanent o f th e  in p u t and n o t a q u a l i t a t iv e  one. C e r ta in ly ,  
i t  i s  r a r e ly  th e  case th a t  th e  id e a  o f in d iv id u a l va ria n ce  in  
p e rc e p tio n  o f th a t  in p u t i s  ta k e n  in t o  account when c o n s id e r in g  
th e  n a tu re  o f th e  o u tp u t. That th e  a b i l i t y  to  pe rce ive  the  
in p u t  in fo rm a tio n  c o r r e c t ly  i s  v i t a l  to  any s k i l le d  ta sk  i s  
s e lf - e v id e n t .  The p e rc e p tio n  o f in fo rm a tio n  i s  the  s t a r t  o f th e  
s k i l l e d  behav iou r sequence, co nse q ue n tly  any pe rcep tua l 
d i f f i c u l t y  i s  bound to  r e s u l t  in  a reduced le v e l o f s k i l l  in  
p e rfo rm in g  a p a r t ic u la r  ta s k . T h is  may be n o th in g  to  do w ith  
th e  in fo rm a t io n  a v a ila b le  bu t w ith  th e  degree and e f f ic ie n c y  
w ith  w h ich  each in d iv id u a l p e rc e iv e s  th a t  in fo rm a tio n .
W h ils t  i t  i s  im p o rta n t to  bear in  m ind th e  g e n e ra lise d  
f o u r - p a r t  sys tem s-ana ly s is  model o f  s k i l le d  b ehav iou r, t h is  
p a r t i c u la r  s tudy approaches p e rc e p tu a l-m o to r a b i l i t y  ve ry  much 
from  the  c o n s id e ra t io n  o f  in d iv id u a l  d if fe re n c e s .  I t  a ls o
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approaches i t  frcm  the  "p e rc e p t io n "  end o f the  e q u a tio n  ra th e r  
than  from the  "m oto r o u tp u t"  end.
The fo l lo w in g  s tu d ie s  stemmed from  W itk in 's  model o f an 
o v e r a l l  p e rc e p tu a l s t y le  (W itk in ,  1954). He regarded t h is  
c o n s tru c t as a way o f e x p la in in g  th e  s im i la r i t y  o f p e rc e p tu a l 
p rocess ing  shown by an in d iv id u a l  re g a rd le s s  o f p e rce p tu a l 
m o d a lity .  The p r in c ip a l  aim o f  t h i s  th e s is  was to  in v e s t ig a te  
p e rc e p tu a l-m o to r a b i l i t i e s ,  t o  see w hether such fu n c t io n in g  
co u ld  be u s e fu l ly  co n s id e re d  as a s in g u la r  s ty le ,  as proposed by 
W itk in  o r , i f  n o t, t o  e s ta b lis h  a more p ra c t ic a l model. That 
t h i s  th e s is  i s ,  in  f a c t ,  a sequence o f severa l s tu d ie s  w i l l  
become e v id e n t. In  each case, the  d is c u s s io n  o f one expe rim en t 
le a d s  in to  th e  in t r o d u c t io n  o f the  next s ince each subsequent 
s tudy  was fo rm u la te d  to  answer problem s crea ted  by th e  p re v io u s  
one.
As s ta te d  above, W i tk in 's  c o n s tru c t o f p e rce p tu a l s ty le  was 
used as a s ta r t in g  p o in t  w ith  th e  f i r s t  study seeking  to  te s t  
i t s  v a l id i t y  th rou g h  th e  com parison o f one o f W i tk in 's  own te s t s  
o f  pe rcep tua l s t y le  w ith  t e s t s  frcm  o th e r f ie ld s  o f psycho logy 
and s p o rts  sc ie n ce .
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1 STODY ONE.
1.1 In t r o d u c t io n .
1 .1 .1  S e l f  P e rc e p tio n .
The accuracy o f a p e rs o n 's  p e rc e p tio n s  o f h im s e lf  and h is  
in t e r a c t io n  w ith  th e  im m ediate environm ent de te rm ines  th e  
e f f ic ie n c y  and p ro p r ie ty  o f h is  a c t io n s . A la c k  o f t h is  
p e rc e p tu a l-m o to r e f f ic ie n c y  i s  more commonly termed "c lu m s in e ss " 
and t h i s  use o f a s in g le  word to  cover a la rg e  range o f 
m o to r-im p a irm e n t has c o n tr ib u te d  to  th e  id e a  th a t  such 
im pa irm en t i s  a u n ita ry  q u a l i t y ;  i . e .  a la c k  o f s k i l l  in  one 
a re a  o f m otor b ehav iou r im p lie s  a gene ra l la c k  o f  s k i l l  in  any 
o th e r .  That th e  ve ry  term  "c lum sy" has been shewn to  be open to  
w ide  in t e r p r e ta t io n  (Keogh e t a l . , 1979) in d ic a te s  th a t  perhaps a 
s in g le  word i s  in s u f f i c i e n t  to  cover the  la rg e  range of 
behav iou r th a t  has been subsimed beneath i t .  T h is  in v e s t ig a t io n  
was to  a s c e r ta in  w he ther th e re  i s  in  f a c t  a g en e ra l t r a i t  o f 
p e r c e p t iv i t y  from  w hich  cou ld  fo l lo w  a gene ra l t r a i t  o f m otor 
e f f ic ie n c y  o r in e f f ic ie n c y .
In  p a r t ic u la r ,  t h is  in v e s t ig a t io n  was concerned w ith  
s e lf - p e r c e p t io n .  T h is  i s  no t to  be confused w ith  se lf-e s te e m  
( i . e .  th e  judgem ent va lu e  a person p u ts  on t h e i r  own p e rc e p tio n  
o f  t h e i r  s e lf- im a g e  ) b u t i s  ra th e r  th e  e x te n t to  w h ich  a person
T h ro u ^ o u t  t h i s  te x t  th e  use o f th e  words "h im " o r  " h is "  w i l l  be meant to  
im p ly  b o th  sexes u n less  o th e rw is e  s p e c if ie d .
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i s  aware o f the p h y s ic a l presence o f and p e rc e p tio n s  r e la t in g  
and p e r ta in in g  to  h is  own body. Thus " s e lf - p e rc e p t io n "  in  t h i s  
paper re fe r s  to  the  a b i l i t y  o f  an in d iv id u a l to  sense and 
a s s im ila te  in fo rm a tio n  from  bo th  the  e x te rn a l and in te r n a l  
environm ent and i s  used in te rc h a n g a b ly  w ith  the  term s 
"s e lf-a w a re n e s s " and "body-aw areness".
1 .1 .2  Approaches to  s e lf -p e rc e p t io n .
W ith  re fe ren ce  to  th e  model o f the  human o p e ra to r m entioned 
in  th e  fo rew ord , th e re  a re  se ve ra l ways in  w hich th e  a n a ly s is  o f  
p e rc e p tio n  can be approached and these can e q u a lly  be a p p lie d  to  
th e  p rov ince  o f s e lf - p e r c e p t io n .  One o f these ways i s  th rough  a 
p sych o -p h ys ica l m ethodology. Such an approach has been used 
w ith  a l l  f iv e  o f th e  c la s s ic a l senses as w e ll  as w ith  v a r io u s  
p ro p r io c e p t iv e  ones (S tevens, 1951; W rig h t e t  a l . , 1970) g iv in g  
r is e  to  v a r io u s  sensory th re s h o ld s  and m athem atica l fu n c t io n s  
r e la t in g  the  s tre n g th  o f th e  s tim u lu s  to  the  degree o f awareness 
o r response th a t  i t  e l i c i t s .  Th is  approach, however, i s  l im i t e d  
when i t  comes to  a tte m p tin g  t o  e x p la in  th e  c o m p le x it ie s  o f human 
behav iou r ra th e r  th a n  those  o f himan p h y s io lo g y . I t  can not 
in d ic a te  how a person w i l l  in te r p r e t  a s t im u lu s  once i t  has been 
sensed. A c o g n it iv e  approach t r i e s  to  p lace a more in te r p r e t iv e  
r o le  upon s e lf -p e r c e p t io n ;  i . e .  how d i f fe r e n t  in d iv id u a ls  w i l l  
d i f f e r e n t i a l l y  p e rc e iv e  th e  same s tim u lu s  due to  t h e i r  d i f f e r in g  
p s y c h o lo g ic a l make-up. T h is  im m ed ia te ly  g iv e s  r is e  to  q u e s tio n s  
about the  consequent in vo lvem en t o f p e rs o n a lity  w ith  p e rc e p tio n
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and even about hew p s y c h ia t r ic  d is o rd e rs  may a f f e c t  p e rc e p tio n .
C e rta in  th e o r ie s  on the  development o f p e rs o n a lity  
complement th e  c o g n it iv e  o u tlo o k  and emphasize th e  in d iv id u a l 
n a tu re  o f p e rc e p tio n . C arl Rogers and George K e l ly  in  
p a r t i c u la r  ( in  P e rv in , 1975) regard  consc ious  p e rc e p tio n  o f  th e  
w o r ld  bo th  as a p roduct o f the  s e lf-c o n c e p t and as being 
in te g r a l  in  i t s  p ro d u c tio n . T h is  c o n c e p tu a lis a t io n  o f s e l f  
d e te rm ine s  both  how the  w o rld  i s  understood i n  r e la t io n  to  th e  
s e l f  and fo rm u la te s  how th e  person behaves in  t h i s  w o rld  such 
th a t  h is  b ehav iou r i s  c o n s is te n t w ith  h is  s e lf - c o n c e p t.  T h e irs  
i s  a phenom enologica l approach to  p e rs o n a lity  developm ent, from  
w h ich  they rega rd  th e  s e lf-c o n c e p t to  be a s in g le  b u t complex 
c o n s tru c t io n  b u i l t  from  p recep ts  o f the  s e l f  and i t s  w o rld . The 
c o g n it iv e  p rocesses th a t  o rgan ise  these p e rc e p tio n s  a re , in  
t h e i r  te rm in o lo g y , p a r t  o f the  s e lf-c o n c e p t to o .  That is ,  th e  
s e l f  i s  s e lf -p ro m o t in g !  Each new p e rc e p tio n  i s  pe rce ived  in  a 
way th a t  i s  c o n s is te n t w ith  the  presen t c o n c e p tu a lis a t io n  o f th e  
s e l f  and goes to  form  an a d d it io n a l s tay  in  th e  eve r 
in c re a s in g ly  complex c o n s tru c t io n  o f the  s e lf - c o n c e p t.  K e lly  
regarded  th e  in c re a se  in  com p lex ity  o f th e  s e lf -c o n c e p t as an 
in c re a s e  in  th e  a b i l i t y  to  p re d ic t  the  e f f e c t  o f one’ s behav iou r 
on one’ s env ironm en t. I f  one’ s p re d ic t io n  shou ld  prove c o r re c t  
th e n  one has v a l id a te d  and s treng thened  th e  s e lf -c o n c e p t.  The 
th e o r ie s  o f bo th  Rogers and K e lly ,  though more concerned w ith  
s o c ia l tha n  p e rc e p tu a l-m o to r behav iou r, a re  f i r m ly  based on th e  
id e a  o f c o g n it iv e  processes both  a f fe c t in g  and be ing  a ffe c te d  by
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p e rc e p tio n  o f one’ s body in  r e la t io n  to  th e  r e s t  o f one’ s w o r ld .
The fu n c t io n a l requ irem en ts  o f s p o r ts  sc ience  a re  such th a t  
p sych o p h ys ica l, c o g n it iv e  and p e rs o n a lity  approaches can o f f e r  
u s e fu l in fo rm a t io n  tow ard an und e rs tan d in g  o f s k i l l e d  b e h a v io u r. 
The p sych o -p h ys ica l can ana lyse  such q u a n t i t ie s  as a person ’ s 
p a in  th re s h o ld  and to le ra n c e  le v e ls ,  th e  a c u ity  o f  t h e i r  
p e r ip h e ra l v is io n  o r , as used in  t h i s  s tu d y , th e  p e rc e p tio n  o f 
p h y s ic a l e f f o r t .  The c o g n it iv e  approach, on th e  o th e r hand, 
would le n d  i t s e l f  more to  an und e rs tan d in g  o f  such q u a l i t ie s  as 
th e  p e rc e p tio n  o f a p a t te rn  o f p lay  on a games f i e l d ,  th e  
r e la t iv e  speed and p o s i t io n  o f o n e s e lf to  th a t  o f one o r more 
opponents o r to  th e  t r a je c to r y  o f a b a l l .  The s tudy o f 
p e rs o n a lity  can threw  l i g h t  on the  m o t iv a t io n a l a spec ts  o f a 
pe rson ’ s in vo lve m e n t in  s p o r t,  to  whom o r what they a t t r ib u t e  
c a u s a li ty  o f outcome o f t h e i r  e f f o r t s  o r the  subsequent e f fe c ts  
o f  success o r f a i l u r e  o f a perform ance a tte m p t on s e lf-e s te e m . 
Each o f these approaches, hew e ve r, i s  concerned w ith  the  same 
a rra y  o f body senses and how w e l l  o r a p p ro p r ia te ly  they fu n c t io n  
in  a v a r ie ty  o f  env ironm ents o r s i tu a t io n s .  I t  w ould  seem 
l i k e l y  th e re fo re  th a t  th e re  w ou ld  be some c o n n e c tio n  and o v e r la p  
between th e  th re e  approaches and, in  f a c t ,  a number o f a u th o rs  
c la im  to  have found such l in k s .
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1 .1 .3  P e rs o n a lity  and p e rc e p tio n  o f th e  s e l f .
In  1966, K o rvac ic  and Ryan conducted a research  programme 
conce rn ing  p a in  to le ra n c e , p h y s ic a l a c t i v i t y  and a p e rs o n a lity  
continuum  between "re d u c e rs " a t  one p o le  and "augm entera" a t  th e  
o th e r .  Reducers a re  those peop le  who a re  more to le r a n t  o f p a in  
and who tend  to  decrease s u b je c t iv e ly  what they p e rc e iv e . 
Augmentera a re  the  o p p o s ite  in  th a t  they a re  in to le r a n t  o f p a in  
and s u b je c t iv e ly  in c re a se  what they a c tu a l ly  p e rc e iv e . T h is  
continuum  was f i r s t  suggested by P e t r ie  (I9 6 0 ) who n o tic e d  a 
r e la t io n s h ip  between pa in  to le ra n c e  and p e rs o n a lity  w h i ls t  
w o rk in g  w ith  f r o n ta l  lobotom y p a t ie n ts .  In  d eve lo p ing  h e r w ork 
she found th a t  in d iv id u a ls  tended t o  e i th e r  reduce o r augment 
a l l  s t im u la t io n ,  not ju s t  nox ious s t im u l i .  Those who reduce th e  
p e rc e p tu a l in te n s i t y  a re  ab le  to  t o le r a te  p a in  w e l l ,  a re  le s s  
t o le r a n t  o f sensory d e p r iv a t io n ,  judge  tim e as passing more 
s lo w ly  than  augmentera, a re  more mesomorphic and tend  to  be 
e x t r o v e r t .  Ryan p o in ts  o u t th a t  a l l  these c h a r a c te r is t ic s  have 
f re q u e n t ly  been a sso c ia te d  w ith  a t h le t i c  g roups ; th e  more so 
w ith  those a th le te s  in v o lv e d  in  c o n ta c t s p o r ts .  P e t r ie ’ s 
h y p o th e s is  p ro v id e s  some degree o f c a u s a li ty  beh ind the  
p e rs o n a lity  type s  o f In t r o v e r t - E x t r o v e r t  s ince  a person who 
c o n t in u a l ly  s u f fe rs  frcm  a la c k  o f  s t im u la t io n  would  a c t iv e ly  
need to  seek ou t change, movement, speed and a gene ra l 
h e ig h te n in g  o f  a l l  sensory s t im u l i .  Ryan ta ke s  t h i s  a stage 
f u r t h e r  and suggests th a t  c e r ta in  peop le  become more in v o lv e d  i n  
an a t h le t i c  p u rs u it  than  o th e rs  s in ce  they a re  in  need o f
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g re a te r  sensory s t im u la t io n ,  s p o r t  be ing  one avenue th rough  
w hich such enhancement i s  p o s s ib le  (Ryan, 1976). [P e t r ie  has 
a ls o  shewn th a t  a s ig n i f ic a n t  percentage o f d e lin q u e n ts  a re  
re d uce rs , th u s  in d ic a t in g  a d i f f e r e n t  avenue toward in c re a se d  
sensory s t im u la t io n  ( P e t r ie  e t  a l . ,  1 9 6 2 ).]  O the r a s s o c ia t io n s  
o f  the  re d u c e r-augmenter p e rc e p tu a l continuum  are  th a t  re d u ce rs  
tend  to  have fa s te r  re a c t io n  and movement tim e s  and th a t  m ales 
tend  more tow ard th e  re d u c in g  end o f th e  sca le  than  do fe m a le s . 
Ryan a ls o  suggested o th e r  p o s s ib le  co n n e c tio n s  between a t h le t i c  
perform ance and p e rc e p tu a l c h a r a c te r is t ic s  b u t p o in te d  o u t th a t  
these were m ere ly  hypotheses and th a t  a l l  would re q u ire  fu tu r e  
e xp e rim e n ta l e x p lo ra t io n .  I t  i s  s u f f ic ie n t  here  to  in d ic a te  th e  
s tro n g  l in k s  a lre a d y  found between in d iv id u a l  p e rcep tua l 
s e n s i t i v i t y ,  p e rs o n a lity  and p h y s ic a l a c t i v i t y .
The w ork o f F is h e r and C leve land  (1 9 58 ), l i k e  P e t r ie 's ,  
began w ith  h o s p ita l is e d  p a t ie n ts ;  t h is  tim e  due to  t h e i r  h a v in g  
a r t h r i t i s  r a th e r  than  th e  need f o r  a f r o n ta l  lobo tom y. A 
r e la t io n s h ip  was found between th e  p a t ie n ts ’ responses to  th e  
Rorschach In k - b lo t  t e s t  (a s tandard  p s y c h ia t r ic  te s t )  and th e  
degree o f im m o b il ity  o r d is t r e s s  caused by th e  p a t ie n ts ' 
c o n d it io n s .  They extended t h i s  to  th e  "n o rm a l" p o p u la tio n  and 
found what they regarded to  be a new form  o f p e rs o n a lity  
d im ension  based on th e  r e c e p t iv i t y  o f th e  in d iv id u a l to  th e  
v a r io u s  sensory s t im u l i  bo th  in te r n a l  and e x te rn a l.  They named 
t h i s  the  Body Boundary d im ens ion  and i t  d e f in e s  th e  e x te n t to  
w h ich  th e  body i s  expe rienced  as hav ing  d e f in i t e  l im i t s  o r
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" b a r r ie r s " .  The d im ension , however, i s  n o t l im i t e d  m ere ly to  
th e  degree o f d i f f e r e n t ia t io n  between p h y s ic a l s e l f  and n o n -s e lf  
but a ls o  marks a d i f f e r e n t ia t io n  between an in te r n a l  and an 
e x te rn a l p e rc e p tu a l focu s  w i t h in  th e  body i t s e l f ,  i . e .  i t  a ls o  
g iv e s  a measure o f hew re c e p t iv e  an in d iv id u a l i s  to  
p h y s io lo g ic a l changes o f th e  v is c e ra  as opposed to  t h e i r  
r e c e p t iv i t y  o f  p h y s io lo g ic a l changes o c c u rr in g  on th e  s k in  o r 
w i t h in  th e  s k e le ta l m u scu la tu re . I f  a p e rs o n 's  r e c e p t iv i t y  
tends to  be g re a te r  f o r  th e  o u te r  p a r ts  o f  t h e i r  body the n  they 
w i l l  have a g re a te r  sense o f t h e i r  body as hav ing  a d e f in i t e  
l i m i t  o r boundary than  a person whose p e rce p tu a l focus  i s  more 
in t e r n a l .  Consequently t h e i r  body boundary score  (B .B .S .)  w i l l  
be h ig h e r .  What F is h e r and C leve land  were say ing  th e re fo re ,  was 
th a t  th e re  i s  a d e f in i t e  l i n k  between th e  lo c u s  o f g re a te r  
p h y s io lo g ic a l r e c e p t iv i t y  and th e  c la r i t y  w ith  w h ich  the  
in d iv id u a l  re g a rd s  h im s e lf  w i t h in  th e  e n v iro n n e n t. F is h e r 
re g a rds  t h i s  body image as be ing  bo th  p sych ic  and som atic  and as 
possess ing  both  a consc ious and a subconscious n a tu re . 
C onsequently, t h i s  degree o f body c la r i t y  shou ld  a ls o  be seen to  
have co n n e c tio n s  w ith  a range o f p h y s io lo g ic a l and p s y c h o lo g ic a l 
phenomena. A h ig h  B .B .S . has been a s s o c ia te d  w ith  a nunber o f 
p e rs o n a lity  t r a i t s  in c lu d in g  autonomy, achievem ent m o tiv a tio n , 
ta s k  c o m p le tio n , warmth, f r ie n d l in e s s ,  w i l l in g n e s s  to  face  
h o s t i l i t y  in  g roup  s i tu a t io n s  and com m unication w ith  o th e rs  
(F is h e r  & C le ve la nd , 1958; C leve land  & M orton, 1962; F is h e r, 
1963) .  B .B .S . has a ls o  been shewn to  c o r re la te  w ith  
scm atotype, w ith  male mesomorphs hav ing  a c le a re r  sense o f s e l f
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tha n  endomorphs (Sugarman & H aron ian , 1964). F is h e r (1963) a ls o  
found  th a t  h ig h  sco re rs  on th e  body boundary d im ension shewed 
le s s  l ik e l ih o o d  o f p s y c h o lo g ic a l d is tu rb a n ce  and th a t  they were 
b e t te r  ab le  to  dea l e f f e c t iv e ly  w ith  d i f f i c u l t  and d is tu rb in g  
e xp e rie n ce s . S im i la r ly ,  B ro d ie  (1959) had re p o rte d  th a t  those 
peop le  w ith  a h ig h  body boundary concept tended to  be more 
c o n t ro l le d  and guarded i n  response to  s tre s s  w h i ls t  lew s c o re rs  
were more im p u ls iv e , u n in h ib ite d  and a s s e r t iv e .  The su g g e s tio n  
t h a t  those w ith  a low B .B .S . tended tow ard p a n ic  behaviour when 
under s tre s s  was echoed by Z io n  (1965) who found th a t  a s tro n g  
sense o f body concept was a s s o c ia te d  w ith  a s tro n g  sense o f 
s e c u r ity  w ith  w h ich  one face d  up to  the  w o rld .
F is h e r connected B .B .S , n o t o n ly  w ith  p e rs o n a lity  b u t a ls o  
w ith  p h y s io lo g ic a l response ; h ig h  boundary s c o re rs  te n d in g  to  
re a c t  to  s tre s s  w ith  in c re a s e s  in  s k e le ta l muscle te n s io n  and 
g a lv a n ic  s k in  response and lew boundary sco re rs  te n d in g  to  re a c t  
w ith  in c re a se s  in  h e a r t - r a te ,  ca d iac  o u tp u t and 
s ta a a c h / in te s t in a l a c t i v i t y  (F is h e r  & F is h e r, 1964; Davis, 
i 960) .  In  a d d it io n ,  he a ls o  re p o r te d  th a t  s e le c t iv e  r e c a l l  f o r  
body ve rsus  non-body words and a score on a body prominence t e s t  
were h ig h ly  c o r re la te d  w ith  B .B .S . (F is h e r ,  1964, 1970, 1978; 
F is h e r  & C leve land , 1968.) A re la te d  te s t  to  th e  B .B .S , i s  th e  
P e n e tra t io n  Score (P .S .)  w h ich  i s  a measure o f how vune rab le  an 
in d iv id u a l  re g a rd s  h im s e lf  to  be to  th e  o u ts id e  environm ent. 
D e s p ite  the  a ppa ren t r e c ip ro c a l n a tu re  o f t h e i r  d e f in i t io n s  and 
th a t  both  a re  judged  from  responses made to  th e  Rorshach
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I n k - b lo t  s e r ie s ,  B .B .S . and P.S. a re  not re p o r te d  to  be 
s ig n i f ic a n t ly  c o r re la te d  w ith  each o th e r (S ie g a l,  1977). F is h e r 
and C leve land  (1968) neve r regarded the  two sco res  as m u tu a lly  
a n ta g o n is t ic ,  however, p a r t ly  because o f t h e i r  d if fe re n c e s  in  
r e l i a b i l i t y :  "  . . . t h e  b a r r ie r  score  was la r g e ly  a measure o f 
p e r s is t in g  a t t i t u d e s  ra th e r  than  o f s h o r t- te rm  v a r ia t io n s  in  
s ta te .  The p e n e tra t io n  sco re , by c o n tra s t,  seems to  be more 
s e n s it iv e  to  im m edia te  s i t u a t io n a l  c o n d it io n s ."
The th e o r e t ic a l  l i n k  between psyche and scma i s  perhaps 
b es t i l l u s t r a t e d  by d e s c r ib in g  how F is h e r and C leve land  a c tu a l ly  
measured B .B .S . (a  more d e ta ile d  account o f th e  s c o rin g  system 
can be found i n  th e  m ethodology s e c t io n ) .  The Rorschach 
in k - b lo t  te s t  c o n s is ts  o f a s e r ie s  o f cards each shewing a 
d i f f e r e n t  sym m etrica l a b s tra c t  p a tte rn , sane m u lt i-c o lo u re d , 
some ju s t  b la c k  and w h ite .  The s u b je c ts  are  shewn each card and 
asked to  say o r w r i t e  down what they th in k  they see on th e  ca rd . 
Many o f th e  p a t te rn s  c o n ta in  c e r ta in  shapes o r c o lo u r 
co m b ina tions  th a t  a re  p a r t ic u la r ly  e voca tive  b u t th e  s u b je c ts ’ 
responses d i f f e r  g r e a t ly  depending on which p a r ts  o f th e  p a tte rn  
they d ir e c t  t h e i r  a t te n t io n  to .
A ccord ing  to  F is h e r and C leve land , the  v is u a l a t te n t io n a l 
fo cu s  i s  d i r e c t l y  l in k e d  to  th e  o v e r a l l  p e rce p tu a l focu s  one has 
w ith  re sp e c t to  one’ s own body. Thus people who tend  to  see 
b a r r ie r s  o r c o v e r in g s  in  the  in k - b lo ts  o r su rfa ce s  th a t  d is p la y  
a d e f in i t e  te x tu re ,  a re  be ing  drawn to  the  v is u a l l im i t s  o f th e  
p a tte rn s  and t h i s  i s  a r e f le c t io n  o f t h e i r  enhanced
Page 15
a tte n t iv e n e s s  to  th e  p h y s ic a l l im i t s  o f t h e i r  own bod ies . That 
i s ,  they  have a s tro n g  sense o f a b a r r ie r  between th e  s e l f  and 
th e  o u ts id e  w o r ld . On the  o th e r hand, people who p r e fe r e n t ia l ly  
a tte n d  to  a more amorphous con ten t o f th e  p a t te rn  w i l l  be those 
who have a poo re r sense o f id e n t i t y  w ith in  th e  e n v iro n n e n t, b o th  
p h y s io lo g ic a l ly  and p s y c h o lo g ic a lly .
1 ,1 .4  P e rc e p tio n  o f E x e r tio n .
Somewhat removed from  concepts such as sense o f id e n t i t y  o r 
th e  s e l f  i s  th e  m athem atica l o r psychophys ica l a n a ly s is  o f 
sensory a b i l i t y .  Much o f the  e a r ly  work in  t h i s  f i e l d  was 
perfo rm ed by S tevens (1951) who fo rm u la te d  a number o f 
m a them a tica l r e la t io n s h ip s  between s t im u lu s  in t e n s i t y  and 
p e rc e p tu a l s e n s i t i v i t y .  For a l l  sense m o d a li t ie s  th a t  he 
s tu d ie d  he found a power fu n c t io n  o f the  form  R = S" where ’ S’ 
i s  th e  s t im u lu s  in t e n s i t y ,  ’ R’ i s  the  in te n s i t y  o f the  
p e rc e p tio n  and ’ n ’ th e  exponent which was found to  f a l l  w ith in  
th e  range 0 .33  to  3 .5  depending on which m o d a lity  was being 
in v e s t ig a te d .  The a p p lic a t io n  o f S teven ’ s r a t io - s c a l in g  methods 
t o  w ork p h y s io lo g y  was f i r s t  made by Borg and D ahlstrcra  when 
in v e s t ig a t in g  th e  s u b je c t iv e  e s tim a te  o f work c a p a c ity .  I t  was 
found  th a t  th e  s u b je c t iv e  e s tim a tio n  o f a c tu a l work inc reased  as 
a p o s i t iv e ly  a c c e le ra t in g  fu n c t io n  as th e  re a l w ork in te n s i t y  
in c re a s e d . Borg a r r iv e d  a t  the  genera l fo rm u la  ( i n  essence, th e  
same as th a t  o f  S tevens) R = a + c .S *  where ’ R’ , ’ S’ and ’ n* 
have th e  same meaning as above, ’ a ’ i s  b a s ic  p e rc e p tu a l no ise
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and ’ o ’ i s  a co n s ta n t. The va lu e  o f the  exponent ’ n ’ was found  
t o  be 1 .6 . These f i r s t  e xpe rim en ts  were perform ed using  a c y c le  
ergom eter to  p ro v ide  the  known w o rk -lo a d  but s ince  then  o th e r  
ty p e s  o f m uscular work have a ls o  been in v e s t ig a te d  us ing  th e  
same r a t io - s c a l in g  tech n iq ue  and have p ro v ide d  exponents o f  
between 1.7 and 1.45 (B o rg , 1973). From h is  i n i t i a l  work, Borg 
developed a f i f t e e n - p o in t  s ca le  to  cover the  s u b je c tiv e  
in t e n s i t y  range and from  w h ich  th e  s u b je c t would  s e le c t a number 
co rre sp on d ing  to  the  degree o f e f f o r t  th a t  they f e l t  they were 
m aking (Tab le  1 . 2 . i ) .  From h is  ve ry  f i r s t  experim ents Borg 
re a l is e d  th a t  both h e a rt r a te  (H .R .) and r a t in g  o f pe rce ived  
e x e r t io n  (R .P .E .)  were h ig h ly  c o r re la te d  w ith  respec t to  t h e i r  
change w ith  work in t e n s i t y ,  th e  c o e f f ic ie n t  o f  c o r re la t io n ,  r ,  
f a l l i n g  between 0.80 and 0 .9 0 . In  e f f e c t ,  what Borg had done 
was to  take  a p re v io u s ly  ig n o re d  p e rce p tu a l a b i l i t y ,  in v e s t ig a te  
i t  us ing  v a lid a te d  psycho p hys ica l techn iques  and develop a q u ic k  
and s im p le  means to  q u a n t ify  s u b je c t iv e  e x e r t io n .  The q u e s t io n  
now arose about which p h y s io lo g ic a l mechanisms were re s p o n s ib le  
f o r  p ro v id in g  th e  feedback th a t  would g iv e  r is e  to  the  fe e l in g s  
o f  e f f o r t  or s t r a in .
A lthough H.R. and R .P .E . had been found to  be h ig h ly  
c o r re la te d  over a w ide range o f w o rk loads , i t  d id  no t 
n e c e s s a r ily  fo l lo w  th a t  th e  two had a causa l r e la t io n s h ip .  
D e sp ite  t h is ,  when th e  problem  o f the  mechanism o f p e rc e p tio n  
was ra is e d , h e a rt ra te  appeared as one o f th e  l i k e l i e s t  
ca n d id a te s  f o r  p ro v id in g  th e  p h y s io lo g ic a l cues upon w h ich  th e
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p e rc e p tio n  o f e x e r t io n  was based. A lso , because o f the  known 
v i r t u a l l y  l in e a r  r e la t io n s h ip  o f oxygen consum ption (VO j) to  
h e a r t  r a te  (A s tra n d  & Rodahl, 1970), t h is  to o  was put fo rw a rd  as 
a p h y s io lo g ic a l response to  e x e rc is e  from  w h ich  one may be a b le  
to  judge  the  s e v e r ity  o f th a t  e x e rc is e . A number o f s tu d ie s  
were c a r r ie d  ou t in  w h ich  th e  h e a r t  ra te  was m an ipu la ted  ( e i t h e r  
by a d m in is te r in g  sym pa the tic  o r p a rasym pa the tic  b lo c k in g  d rugs 
o r  by v a ry in g  th e  am bient tem pe ra tu re ) d u r in g  e x e rc is e  o r in  
w h ich  the  w o rk load , H.R. and VO^were ke p t c o n s ta n t w h i ls t  th e  
type  o f e x e rc is e  be ing  perform ed was v a r ie d .  A l l  o f these 
shewed th a t  R .P .E. was n o t dependent on H.R. , VO^or w ork load  
(E kb lan  & G oldbarg , 1971; P ando lf e t  a l . ,  1972; H en riksson  e t  
a l . , 1972; M ichael & H a cke tt, 1972; Nobel e t  a l . , 1973; P a n d o lf 
& Nobel, 1973). In s te a d , both  H enriksson  and Nobel suggested 
th a t  p ro p r io c e p t iv e  feedback frcm  the  s k e le ta l m uscu la tu re  co u ld  
be re s p o n s ib le  f o r  our awareness o f e f f o r t  ra th e r  than  th e  
genera l re a c tio n s  o f the  c a rd io v a s c u la r  system . O ther 
sugges tions  conce rn ing  th e  p h y s io lo g ic a l b a s is  o f th e  R.P.E. 
have in c lu d e d  b lood  la c ta te  c o n c e n tra t io n  and ca techo lam ine  
e x c re t io n .  Both these fo l lo w  a power fu n c t io n  in  r e la t io n  to  
w o rk load , as does R .P .E. Again, b lood  la c ta te  was shown to  v a ry  
over d i f f e r e n t  p ie ces  o f appara tus  (M ichae l & H a c k e tt, 1972) 
w h i ls t  th e re  was l i t t l e  change in  ca techo lam ine  le v e ls  u n t i l  th e  
"somewhat h a rd " p o in t  on th e  R .P.E. sc a le  in d ic a t in g  th a t  t h i s  
to o  cou ld  n o t e x p la in  a l l  th e  v a r ia t io n  in  th e  p e rc e p tio n  o f 
e x e r t io n  (Frankehhaeuser e t  a l . ,  1969). Ekblom and G oldbarg 
(1971) su bsequen tly  proposed a tw o - fa c to r  model o f  pe rce ive d
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e x e r t io n .  T h ^  suggested th a t  both  c e n tra l and lo c a l fa c to r s  
were in v o lv e d , predominance o f w hich was dependent on th e  type  
o f  work be ing  perfo rm ed. In  a rev iew  a r t i c le  on R .P .E ., P a n d o lf 
( 1978) to o k  th e  tw o - fa c to r  the o ry  a stage  fu r th e r .  He found 
th a t  th e  m a jo r i ty  o f work su p p o rts  th e  in vo lvem en t o f lo c a l 
fa c to r s  in  R .P .E ., u s u a lly  u s in g  b lood  la c ta te ,  
m u s c u la r /p ro p r io c e p t iv e  feedback and mechano o r chem oreceptor 
s e n s i t i v i t y .  Frcm those in v e s t ig a t io n s  s u p p o rtin g  th e  
im portance  o f c e n tra l mechanisms in  e f f o r t  p e rc e p tio n , h e a r t  
r a te  appears as th e  p r in c ip a l  fa c to r  d e s p ite  th e  number o f 
e xp e rim e n ta l s i tu a t io n s  i n  w h ich  th e  H .R ./R .P .E . r a t io  can be 
d is ru p te d .
P ando lf ( 1978) conc ludes  th a t  c e n tra l fa c to r s  "a re  no t th e  
p rim a ry  fa c to r s  in  th e  s u b je c t iv e  e s tim a te  o f e x e rc is e  e x e r t io n .  
N e ve rth e le ss , th e  p o s s ib le  c o n tr ib u to ry  ro le s  these 
ca rd iopu lm onary  responses may p lay  in  th e  o v e r a l l  sense o f 
e f f o r t  d u r in g  p h y s ic a l w ork rem ains u n q u e s tio n e d ." What th e  
ev idence does show is  th a t  th e re  a re  two d is t in c t  p e rce p tu a l 
system s each le n d in g  i t s e l f  in  v a ry in g  p ro p o r t io n s , depending on 
th e  type  o f e x e rc is e  be ing  perfo rm ed, to  the  awareness o f 
e f f o r t .  C onsequently , th e  use o f a s in g le  sca le  w ith  w h ich  to  
measure t h is  awareness i s  regarded by P ando lf as be ing  to o  
im p re c is e . He suggests  th a t  B org ’ s R .P .E . sca le  i s  o f a 
"s u p e ro rd in a te "  le v e l  ( i . e .  r e la t in g  t o  a type  o f awareness 
th a t  r e s u l t s  frcm  th e  in te g r a t io n  o f  a v a r ie ty  o f d is c re te  
s e n s a tio n s  and fe e l in g s )  and so may n o t n e c e s s a r ily  be connected
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d i r e c t ly  to  u n d e rly in g  p h y s io lo g ic a l s u b s tra ta . He says " th a t  
th e  re la t io n s h ip s  between s u b je c t iv e  ra t in g s  and s p e c i f ic  
p h y s io lo g ic a l even ts  d u r in g  d i f f e r e n t  type s  o f p h y s ic a l w ork can 
be more p re c is e ly  d e fin e d  and compared us ing  su bo rd in a te  
d i f fe r e n t ia te d  ra t in g s  w h ich  a re  c lo s e  to  th e  le v e l o f th e  
d is c re te  ^m ptom s. " The p r a c t ic a l  im p l ic a t io n  o f t h is  i s  th a t  
th e re  should be th re e  R .P .E . s c a le s ; one to  in d ic a te  th e  
fe e l in g s  o f s t r a in  in  th e  w o rk in g  m uscles (a " lo c a l"  R .P .E. 
s c a le ) ,  one f o r  s e n sa tio n s  in v o lv in g  th e  card iopu lm onary system s 
(a  " c e n t r a l"  R .P .E . s c a le )  and an " o v e r a l l "  g en e ra l r a t in g .
T h is  la s t  r a t in g  shou ld  r e s u l t  frcm  an in te g r a t io n  o f th e  
s u b je c t ’ s lo c a l and c e n t ra l fe e l in g s  " . . . w i t h  w hatever 
w e ig h tin g s  they deem a p p ro p r ia te . "  He suggests th a t  the  use o f 
d i f fe r e n t ia te d  ra t in g s  a llo w s  a sh a rp e r d e f in i t io n  o f th e  
s u b je c t iv e  fe e l in g s  from  th e  d i f f e r e n t  p h y s io lo g ic a l a c t i v i t i e s  
d u r in g  e x e rc is e .
I t  can be a p p re c ia te d  th a t  th e re  i s  a c e r ta in  p a ra l le l is m  
between the  l o c i  o f p h y s io lo g ic a l re s p o n s iv ity  as determ ined 
th rough  th e  body boundary d im ens ion  and th e  d iv is io n  o f th e  
mechanism re s p o n s ib le  f o r  e f f o r t  p e rc e p tio n  in t o  two sepa ra te  
a reas  o f the  body: "man does n o t d i r e c t ly  a tte n d  to
p h y s io lo g ic a l p rocesses, pe r se, as a b a s is  f o r  pe rce ived  
e x e r t io n  ra t in g s  but does a tte n d  to  th e  e x te rn a l is a t io n  o f  these  
p rocesses; i . e .  in c re a s e s  in  m e ta b o lic  r a te  r e s u l t  in  in c re a s e s  
i n  Vg, ra te  o f r e s p ir a t io n  and s k in  tem pe ra tu re  which can be 
d i r e c t ly  p e rc e iv e d ."  (N ob le  e t  a l . , 1973.)
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1 .1 .5  C o g n it iv e  S ty le .
A schema th a t  h a p p ily  e n fo ld s  both the  c l i n i c a l l y  founded 
body boundary d im ens ion  and th e  m a th e m a tic a lly  d e r iv e d  r a t in g  o f  
p e rce ive d  e x e r t io n  i s  th a t  o f H .A .W itk in . He proposed (1965) 
th a t  each person  has a d is t in c t i v e  c o g n it iv e  s ty le  w h ich  
embodies each and every  aspect o f c o g n it iv e  fu n c t io n in g .  The 
p r in c ip a l  aspect o f c o g n it iv e  s ty le  i s  th e  degree to  w h ich  th a t  
person  has a sense o f se pa ra te  id e n t i t y .  A person  w ith  a h ig h  
degree o f s e l f - i d e n t i t y  has an awareness o f needs, fe e l in g s  and 
a t t r ib u t e s  w h ich  they  re co g n ise  as t h e i r  cwn and w h ich  they 
id e n t i f y  as d is t in c t  from  those o f o th e rs . I t  i s  a ls o  
a s s o c ia te d  w ith  e xpe rie n ce  o f th e  s e l f  as be ing  s tru c tu re d  and 
w ith  hav ing  in te r n a l  fram es o f re fe re n ce  to  a c t as g u ide s  f o r  
d e f in i t io n  o f  th e  s e l f .  T h is  s ty le  i s  p r in c ip a l ly  one o f 
p e rc e p tio n  bu t due to  th e  dependence o f b e h a v io u ra l o u tp u t on 
p e rc e p tu a l in p u t ,  c e r ta in  p a tte rn s  o f b e h a v io u r, b o th  in  term s 
o f m otor b eh a v io u r and p e rs o n a lity ,  w i l l  a ls o  ccmie to  be 
a s s o c ia te d  w ith  p a r t i c u la r  c o g n it iv e  s ty le s .  W itk in ’ s e a r l ie r  
e xpe rim en ts  (W itk in  & Asch, 1949) used p e rc e p tu a l te s ts  such as 
th e  t i l t i n g  r o o m / t i l t in g  c h a ir  te s t  and th e  rod  and fram e te s t .  
The f i r s t  o f these  i s  b a s ic a l ly  a te s t  o f  predcaninance o f 
sensory mechanism in  th e  d e te rm in a tio n  o f  the  v e r t i c a l i t y  o f th e  
body. The s u b je c t i s  seated in  a c h a ir  th a t  can r o ta te  about a 
h o r iz o n ta l a x is  in  a f r o n t a l  p la ne . The c h a ir  i s  w i t h in  a sm a ll 
"room " t h a t  can a ls o  be ro ta te d ,  in d e p e n d e n tly  o f th e  c h a ir ,  in  
a f r o n t a l  p lane  w ith  re s p e c t to  th e  s u b je c t. E ith e r  th e
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s u b je c t ,  th e  room o r bo th  a re  s la n te d  o f f - v e r t i c a l  and the  
s u b je c t has to  r ig h t  h im s e lf .  In  the  second te s t  the  task  i s  
once a ga in  to  j u d ^  v e r t i c a l i t y ,  t h is  tim e  o f a movable rod  
w i th in  a square fram e th a t  can be ro ta te d .  T h is  fram e i s  used 
to  p ro v id e  a v is u a l b a s is  f o r  ju d g in g  th e  v e r t ic a l  which may be 
in  d isco rda n ce  w ith  th e  s u b je c t ’ s cwn sense o f g r a v i ta t io n a l  
v e r t i c a l .  The more th e  s u b je c t 's  judgem ent o f the  v e r t ic a l ,  
w he the r o f h im s e lf  o r  o f  th e  ro d , i s  in f lu e n c e d  by the  t i l t e d  
room o r fram e th e n  th e  more th a t  s u b je c t ’ s p e rc e p tio n  i s  
m ed iated by e x te rn a l v is u a l fa c to rs  ove r in te r n a l  p ro p r io c e p t iv e  
ones. A person  who i s  more a t te n t iv e  to  v is u a l cues i s  sa id  to  
be more f ie ld -d e p e n d e n t.  That is ,  he i s  dependent on cues frcm  
the  su rro u n d in g  " f i e l d "  f o r  body o r ie n ta t io n .  The s u b je c t who 
i s  more a t te n t iv e  to  in te r n a l  cues i s  sa id  to  be 
f ie ld - in d e p e n d e n t .  W itk in  regarded t h i s  s p l i t  o f re lia n c e  upon 
e i t h e r  e x te rn a l o r in te r n a l  cues as be ing  th e  b a s is  o f 
p e rc e p tio n  bo th  in  p h y s ic a l term s and in  psycho-dynam ic ones. 
Fu rthe rm ore , he b e lie v e d  th a t  the  manner in  w hich one p e rc e iv e s  
i s  n e c e s s a r ily  connected to  th e  concept one has o f one’ s cwn 
body (W itk in ,  1954), w ith  f ie ld - in d e p e n d e n t peop le  hav ing  a more 
a r t ic u la te d  body-concep t than  have f ie ld -d e p e n d e n ts . That i s ,  
they have a more s o p h is t ic a te d  body-concept due to  a g re a te r  
degree o f d i f f e r e n t ia t io n  o f th e  s e l f  ( th e  p h y s ic a l l im i t s  o f 
th e  body) from  the  su rro u n d in g  f i e l d .  W itk in ’ s d e f in i t io n  o f 
th e  body-concep t i s  n o t u n l ik e  th a t  o f F is h e r and C leve land . He 
regarded  th e  body-concep t as " . . . t h e  s y s te m a tic  im p re ss io n  an 
in d iv id u a l  has o f  h is  body, c o g n it iv e  and a f f e c t iv e ,  consc ious 
and u n c o n s c io u s ."
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The a l l - im p o r ta n t  l i n k  between the  p e rce p tu a l d is t in c t io n  
and th e  modus ope rand i o f o th e r c o g n it iv e  fu n c t io n s  is  the  
a b i l i t y  t o  sepa ra te  an item  from  i t s  c o n te x t. In  percep tua l 
term s t h i s  means be ing  a b le  to  separa te  the  s e l f  from the  
n o n -s e lf  and, f u r t h e r ,  be ing  a b le  to  separa te  p a r ts  o f th e  s e l f  
c le a r ly  from  o th e r  p a r ts .  In  th e  sphere o f in t e l le c tu a l  
fu n c t io n in g  t h i s  m a n ife s ts  i t s e l f  as th e  d if fe re n c e  in  a b i l i t y  
in  s o lv in g  prob lem s th a t  re q u ire  is o la t io n  o f e s s e n tia l item s 
from  t h e i r  c o n te x t and then  u s in g  o r  p re s e n tin g  them in  a 
d i f f e r e n t  c o n te x t.  For example, th e  person more ab le  to  
sepa ra te  ite m  from  co n te x t w ou ld  perfo rm  b e t te r  a t 
com prehens ion -type  ta sks .
W itk in  la b e l le d  the  two extrem es o f c o g n it iv e  s ty le  as a 
" g lo b a l"  s t y le  a t  one po le  and an " a r t ic u la te d "  s ty le  a t  the  
o th e r .  The more a r t ic u la te d  a person ’ s s ty le  the n  the  more a b le  
he o r she w ould  be a t  s e p a ra tin g  an elem ent from  i t s  c o n te x t.
In  term s o f th e  body-concep t, th e  a r t ic u la te d  in d iv id u a l 
e xp e rie n ce s  h is  body as hav ing  d e f in i t e  l im i t s  o r boundaries and 
th e  p a r ts  w i t h in  as being d is c re te  y e t  in t e r - r e la te d  w ith in  a 
d e f in i t e  s t r u c tu r e .  T h is  i s  a ls o  termed a " s o p h is t ic a te d "  
b od y-co n cep t. A t th e  o p p o s ite  extrem e, th e  in d iv id u a l w ih  an 
u n s o p h is t ic a te d  body concept ( i . e .  w ith  a g lo b a l c o g n it iv e  
s t y le )  re g a rd s  th e  l im i t s  o f h is  body as be ing  d i f fu s e ,  w ith  h is  
a c t io n s  a lw ays be ing  p e rce ive d  w ith  re sp e c t t o  th e  e n v iro n n e n t. 
He w ou ld  a ls o  have a poor sense o f the  r e la t iv e  p a r ts  and 
movements o f h is  body.
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In  te rm s o f p e rs o n a lity  o r s o c ia l beh a v io u r, W itk in  
regarded th e  degree o f s o p h is t ic a t io n  o f the  body-concept as 
be ing  v i t a l l y  im p o r ta n t. Those people in f lu e n c e d  in  v is u a l 
p e rc e p tio n  by th e  f i e l d  would be e q u a lly  in f lu e n c e d  by the  
im m ediate  s o c ia l c o n te x t in  t h e i r  p e rc e p tio n  and experience  o f 
them se lves. For example, a person w ith  an a r t ic u la te d  c o g n it iv e  
s ty le  w i l l  be more s e l f - r e l i a n t  bo th  in  term s o f se lf-assesam en t 
and s e lf-e s te e m . A person o f a more g lo b a l d is p o s it io n  tends to  
r e ly  more on e x te rn a l sources f o r  d e f in i t io n s  o f a t t i tu d e s ,  
judgem ents and v ie w s  o f th e m s e lf. He a tte n d s  and re a c ts  more to  
human fa c e s  tha n  does an a r t ic u la te d  person s ince  th e  human fa ce  
p ro v id e s  most n on -ve rb a l In fo rm a tio n  as to  hew th a t  o th e r person 
fe e ls .  Be ing more dependent on human re a c t io n ,  th e  g lo b a l s t y le  
person tends to  be more e a s ily  persuaded by o th e rs  in  t h e i r  
p e rc e p tu a l and v a lu e  judgem ents.
S ince a l l  sensory m o d a lit ie s  were regarded as fu n c t io n in g  
w i t h in  th e  same s t y l i s t i c  fram ework, th e  a b i l i t y  to  e x tra c t  
in te r n a l  p ro p r io c e p t iv e  data  from  c o n f l ic t in g ,  e x te rn a l v is u a l 
da ta  shou ld  echo th e  a b i l i t y  to  e x tra c t  an ite m  from  i t s  c o n te x t 
o r  background in  a p u re ly  v is u a l s t im u lu s  and in  f a c t  W itk in  
(1950) has no t o n ly  shown t h is  bu t has used i t  to  produce a more 
manageable t e s t .  He found s ig n ifc a n t  c o r re la t io n s  between th e  
" v e r t i c a l i t y "  t e s t s  and an Embedded F ig u re s  T es t (E .F .T . ) .  T h is  
i s  based on a s e r ie s  o f f ig u r e s  in  w h ich  a s im p le  p a tte rn  i s  
h id de n  o r  embedded in  a more complex one, th e  ccxnplex p a t te rn  
be ing  th e  f i e l d  from  which th e  s u b je c t has to  d is c e rn  th e  s im p le
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p a t te rn  (W itk in ,  1950). F ie ld -d e p e n d e n t people f in d  th e  ta s k  
h a rd e r than  do independent ones s ince  they a re  le s s  ab le  to  
d is s o c ia te  the  shape from  th e  f i e l d ;  th e y  th e re fo re  take lo n g e r  
to  com plete th e  ta sk  (see F ig u re  1 . 2 . Ü ) .
I t  i s  no t enough m ere ly  t o  draw p a r a l le ls  between th e  th re e  
approaches in tro d u c e d  above. A ccord ing  to  W itk in ’ s model, a l l  
th re e  r e s u l t in g  measures a re  re la te d  to  each o th e r by th e  
c o g n it iv e  s ty le  o f the  in d iv id u a l .  T h is  w ould  be so even i f  
each o f th e  p e rce p tu a l te s ts  were f o r  a d i f fe r e n t  and s p e c i f ic  
sensory m o d a lity .  That a l l  th re e  te s ts  described  above a re  
r e la t i v e l y  g ross  te s ts  o f a g ene ra l body r e c e p t iv i t y ,  however, 
i s  tantam ount to  say ing  th a t  they must a l l  be m easuring a 
s im i la r ,  i f  no t the  same, a b i l i t y ;  th a t  is ,  a gene ra l t r a i t  o f 
body p e r c e p t iv i t y .  C onsequently , i t  was hypo thes ised  th a t  th e  
th re e  te s ts  would o v e r la p  to  produce two p r in c ip a l 
r e la t io n s h ip s .  B e fo re  s ta t in g  these  hypotheses, however, a 
number o f fa c to rs  conce rn ing  th e  te s ts  them selves shou ld  be 
co ns ide re d . The hypotheses, w h i ls t  developed d i r e c t ly  frcm  th e  
d e sc rib e d  th e o r e t ic a l backgrounds, must a ls o  be viewed in  th e  
l i g h t  o f th e  measurement to o ls  them se lves. I f  i t  was sa fe  to  
assume th a t  th e  in s tru m e n ts  th a t  have been developed to  measure 
th e  c o n s tru c ts  o f  R .P .E ., B .B .S ./P .S . and
fie ld -de p en d e nce /in de p en d en ce  d id  so p e r fe c t ly  then  one co u ld  
indeed  expect to  f in d  in  p ra c t ic e  a s im i la r  degree o f o v e r la p  to  
t h a t  p re d ic te d  from  th e o ry . I t  i s ,  however, unwise to  make t h i s  
assum ption . There a re  two b a s ic  problem s h e re . The f i r s t  i s
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t ru e  o f any te s t  in s tru m e n t and th a t  i s  "does the  in s tru m e n t 
a c c u ra te ly  measure the  c o n s tru c t be ing  s tu d ie d ? " That i s ,  i s  th e  
in s tru m e n t v a lid ?
The R .P .E. sca le  was developed d i r e c t ly  from an a lg o r ith m  
e q u a tin g  p h y s ic a l s t im u lu s  and p e rc e p tu a l response in t e n s i t ie s .  
The p e rc e p tio n  o f th a t  i^ y s lc a l  s t im u lu s , however, v a r ie s  
amongst in d iv id u a ls .  A ccord ing  to  Morgan (1973) in d iv id u a l 
d if fe re n c e s  in  p e rs o n a lity  (w h ich  in c lu d e s  c o g n it iv e  s ty le )  
accoun t f o r  up to  33$ o f the  v a r ia n c e  e x h ib ite d  in  R.P.E. d a ta . 
A lthough  th e  s t im u lu s  in t e n s i t y  can be o b je c t iv e ly  q u a n t i f ie d ,  
th e  in te n s i t y  o f e x e r t io n  p e rce ive d  by an in d iv id u a l can n o t be. 
I t  i s  consequen tly  im p o ss ib le  to  v a l id a te  th e  use o f such a 
s e l f - r e p o r t  sca le  s ince  i t  i s  m easuring a u n iq u e ly  in d iv id u a l 
s u b je c t iv e  q u a l i t y .  D esp ite  t h is ,  in  an a tte m p t to  v a l id a te  th e  
R .P .E . s c a le , S k inne r e t  a l .  (1973) gave s u b je c ts  both a 
p ro g re s s iv e ly  in c re a s in g  w o rk load  e x e rc is e  p ro to c o l and a 
random ly assigned w ork load  e x e rc is e  p ro to c o l and compared th e  
r a t in g s  o f each in d iv id u a l a c ro ss  a l l  s ix  w o rk lo a ds . The mean 
c o r r e la t io n  was 0 .7 9 . T h is  s tu d y , however, m ere ly  in d ic a te s  th e  
r e l i a b i l i t y  o f the  s u b je c ts ’ use o f th e  R .P .E. sca le  across  
d i f f e r e n t  e x e rc is e  p ro to c o ls  and does n o th in g  to  show th a t  th e  
s c a le  i s  be ing  used to  r e f le c t  p e rce ive d  e x e r t io n  and n o t some 
o th e r ,  re la te d  v a r ia b le .
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The B .B .S ,/P .S . in s tru m e n t was developed d i r e c t ly  frcm  th e  
ve ry  means by which the  c o n s tru c t was o r ig in a l l y  d e te c te d . That 
i s ,  the  to o l came f i r s t  w ith  th e  c o n s tru c t be ing  founded upon 
th e  data p rov ided  by th e  t o o l . In  t h i s  in s ta n c e , th e re fo re ,  th e  
v a l i d i t y  o f the  to o l i s  n o t open to  q u e s tio n  s in ce  th e  c o n s tru c t  
( e i t h e r  B .B .S . o r P .S .) i s  w hat the  to o l measures.
The E .F .T . was developed s p e c i f i c a l l y  to  p rov ide  an e a s ie r  
means o f measurement o f p e rc e p tu a l
fie ld -de p en d e nce /in de p en d en ce . Again, th e  w hole  c o n s tru c t o f  
p e rce p tu a l s ty le  (and su bse q ue n tly , c o g n it iv e  s ty le )  grew from  
th e  o r ig in a l  te s t  in s tru m e n ts . The q u e s tio n  o f  the  v a l i d i t y  o f  
th e  E .F .T . ,  th e re fo re ,  w ou ld  appear to  re q u ire  the  com parison o f  
i t s  d is c r im in a to ry  powers w ith  those o f th e  o r ig in a l  measurement 
t o o l ,  th e  rod & fram e t e s t .  T h is  r e la t io n s h ip  has been quoted 
as hav ing  a c o r r e la t io n  c o e f f ic ie n t  o f 0 .59  (O ltm an, 1968). One 
must bear in  m ind, h w e v e r ,  th a t  what was o r ig in a l l y  be ing  
measured by th e  rod & fram e te s t  was in d iv id u a l  d if fe re n c e s  in  
th e  adherence to  v is u a l- o v e r - v e s t ib u la r  senses. T h is  has s ince  
been expanded, f i r s t  i n t o  in d iv id u a l  d if fe re n c e s  in  th e  
p e rc e p tu l a b i l i t y  to  sepa ra te  f ig u re - fro m -b a c k g ro u n d  and th e n  
in t o  in d iv id u a l  d if fe re n c e s  in  o v e r a l l  c o g n it iv e  s ty le ,  th e  
a b i l i t y  to  e x t ra c t  re le v e n c y - f rc m - ir re le v e n c y .  R e tre a tin g  one 
s te p  to  p e rce p tu a l s t y le ,  i t  may w e ll be th a t  th e  E .F .T . is  a 
b e t te r  t e s t  f o r  t h is  c o n s tru c t tha n  i s  th e  o r ig in a l  rod & fram e 
te s t .  One shou ld , perhaps, be e s tim a tin g  th e  v a l id i t y  o f  the  
ro d  & fram e te s t  a g a in s t th e  E .F .T . as a to o l f o r  the
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measurement o f p e rc e p tu a l s t y le  ra th e r  than  v is a  v e rs a .
The second problem  is  "does the  in s tru m e n t measure t h is  
c o n s tru c t c o n s is te n t ly ? "  T ha t i s ,  i s  th e  te s t  r e l ia b le ?  A 
t e s t - r e t e s t  s tudy on th e  R .P .E. sca le  in d ic a te d  a c o r r e la t io n  
c o e f f ic ie n t  o f 0 .80  u s in g  a p ro g re s s iv e  e x e rc is e  p ro to c o l 
(S k in n e r e t a l . , 1973).
A number o f t e s t - r e t e s t  s tu d ie s  have been perform ed on th e  
B .B .S . in s tru m e n t as have in te r - s c o r e r  r e l i a b i l i t y  s tu d ie s .
( I t  i s  a commonly h e ld  o p in io n  th a t  such p ro je c t iv e  te s ts  have 
n o to r io u s ly  low r e l i a b i l i t i e s .  Furtherm ore, t h i s  o p in io n  i s  
sometimes used as a "re a s o n " f o r  the  te s ts  p re se n t la c k  o f use 
when i t  i s  more l i k e l y  th a t  such u n p o p u la r ity  i s  s im p ly  p a r t  o f 
th e  eve r-ch an g ing  vogue i n  psycho logy, c o g n it iv e  v ie w p o in ts  
p re s e n tly  e n jo y in g  g en e ra l accep tance .) Of these  s tu d ie s ,  one 
found a c o r r e la t io n  c o e f f ic ie n t  o f 0 .8 9 . Three o th e r  s tu d ie s  
found c o e f f ic ie n ts  between 0 .80 and 0 .90 , a f i f t h  found  a 
c o e f f ic ie n t  o f 0 .7 8 , a s ix th  o f 0.65 and a seventh  o f 0 .4 0 . A l l  
seven s tu d ie s  were by d i f f e r e n t  a u th o rs , none o f w h ich  were 
e i th e r  F is h e r o r C le ve la nd . In te r - s c o re r  r e l i a b i l i t i e s  range 
from  0.97 t o  0 .82  f o r  B .B .S , and frcm  0 .99  t o  0 .83  on P.S.
[ A l l  r e l i a b i l t y  c o e f f ic ie n t s  quoted in  F is h e r & C le ve la nd ,
1968.]
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The E .F .T . has been shown to  have a t e s t - r e t e s t  
c o e f f ic ie n t  o f 0 .8 9  f o r  a group o f male and fem ale  c o lle g e  
s tu d e n ts  ove r a p e r io d  o f  th re e  ye a rs  (Bauman in  W itk in  e t  a l . , 
1976 ;.
Sources o f  v a r ia t io n  between te s t  and r e te s t  may be due to  
measurement e r r o r  a n d /o r to  changes in  th e  c o n s tru c t being 
measured; th a t  i s ,  they a re  dependent on th e  s t a b i l i t y  o f th e  
c o n s tru c t .  Only i f  th e  c o n s tru c t i s  a b s o lu te ly  s ta b le  can 
t e s t - r e t e s t  v a r ia n c e  be cons ide red  as be ing  due e n t i r e ly  to  
measurement e r r o r .  The q u e s tio n  o f s t a b i l i t y  w i l l  be re tu rn e d  
t o  in  due course , f o r  the  moment i t  i s  more p r a c t ic a l  to  assume 
th a t  th e re  w i l l  be some in d iv id u a l  v a r ia t io n  in  th e  " q u a n t ity "  
o f  a c o n s tru c t between te s ts ,  however s m a ll o r f o r  w hatever 
reason . I f  these  v a r ia t io n s  a re  s im i la r  a c ross  a l l  s u b je c ts  
th e n  the  t e s t - r e t e s t  c o r r e la t io n  c o e f f ic ie n t  w i l l  n o t s u f fe r  
even though the  means o f the  te s t  on th e  two occa ss io ns  may be 
d i f f e r e n t .  In  such in s ta n c e s , i n t e r - t e s t  c o r r e la t io n  can a t  
b es t o n ly  equal th e  minimum t e s t - r e te s t  c o e f f ic ie n t .  I f  t h is  
v a r ia n c e  does n o t occur in  a l in e a r  fa s h io n ,  however but i s  
s u b je c t t o  f lu c tu a t io n  on an in d iv id u a l  b a s is  , th a t  i s  th e  
" e r r o r "  v a r ia n c e  i s  n o t due ju s t  to  measurement e r r o r  but a ls o  
t o  unknown sources o f  v a r ia t io n ,  the n  th e re  i s  a p o s s ib i l i t y  o f  
a g re a te r  i n t e r - t e s t  c o r r e la t io n  c o e f f ic ie n t  th a n  would be 
o b ta in e d  from  th e  sepa ra te  t e s t - r e te s t  c o r r e la t io n  c o e f f ic ie n ts .  
(As an i l l u s t r a t i v e  example, suppose two measurement to o ls ,  
" in c h e s "  and "c e n t im e tre s " ,  a re  be ing  used to  measure the
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le n g th s  o f  se v e ra l m eta l b a rs , th e  ba rs  be ing  o f d i f f e r e n t  
le n g th s  and m e ta ls . F u r th e r ,  suppose th a t  the  tem pera tu re  
between t r i a l  1 and t r i a l  2 o f  a t e s t - r e te s t  experim ent were 
d i f f e r e n t .  The t e s t - r e t e s t  c o r r e la t io n  c o e f f ic ie n t  would f a l l  
in  correspondance to  th e  tem pe ra tu re  d if fe re n c e  bu t i f  i t  was 
n o t known th a t  tem pe ra tu re  a ffe c te d  th e  le n g th  o f m etal ba rs  
th e n  t h i s  v a r ia n c e  would be c la s s i f ie d  as " e r r o r "  v a r ia n c e . The 
i n t e r - t e s t  c o r r e la t io n  c o e f f ic ie n t  [between in ch e s  and 
c e n t im e tre s ] ,  however, w ould rem a in  as h ig h  on t r i a l  2 as i t  was 
on t r i a l  1 s in ce  th e  "unknown" source o f e r ro r  a f fe c ts  bo th  
measurement t o o ls  e q u a l ly . )  W h ils t  th e  d i f f e r e n t  p e rce p tu a l te s ts  
a re  no t presumed to  be as s im i la r  as " in c h e s "  and "c e n t im e tre s " ,  
th e  same argum ent s t i l l  h o ld s  a lb e i t  to  a le s s e r  degree. I f  
W itk in  i s  c o r re c t  in  h is  c o n s id e ra t io n  o f an o v e r a l l  p e rce p tu a l 
s t y le ,  one th a t  w ou ld  in f lu e n c e  both  R .P .E. and B .B .S . /P .8 . ,  
th e n  as in d iv id u a l  f lu c tu a t io n s  in  E .F .T . occur ( th a t  i s ,  n o t 
n e c c e s a r ily  l in e a r ly  c o n s is te n t  f lu c tu a t io n s  a cross  s u b je c ts ) ,  
f o r  w ha tever reason, p a r a l le l  f lu c tu a t io n s  in  bo th  R.P.E. and 
B .B .S ./P .S . w i l l  fo l lo w .  In  these c ircum stances , w h i ls t  
t e s t - r e t e s t  c o e f f ic ie n ts  on each sepa ra te  te s t  may drop, 
in t e r - t e s t  c o r r e la t io n s  co u ld  s t i l l  rem ain h ig h . To assume 
l in e a r  v a r ia n c e  a c ro ss  s u b je c ts  when lo o k in g  a t  in d iv id u a l 
d if fe re n c e s  i s  an assum ption  th a t  i s  n o t n e c e s s a r i l ly  
a p p lic a b le .  I f  one can n o t assune l in e a r  v a r ia t io n  across 
s u b je c ts  w ith  tim e  then  t e s t - r e t e s t  c o r r e la t io n  c o e f f ic ie n ts  do 
n o t exac t a t ru e  measure o f t e s t  r e l i a b i l i t y .
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P ercep tua l s t y le ,  b e in g  a s ty le ,  i s  tho u gh t to  be f a i r l y  
s ta b le  bu t i t  i s  open to  c o g n it iv e  in f lu e n c e s  which w i l l  
f lu c tu a te  however w e l l  c o n t ro l le d  th e  t e s t - r e te s t  e n v iro n n e n t. 
The p e rc e p tio n  o f e x e r t io n  i s  dependent on p e rs o n a lity  and 
c o g n it iv e  s ta te .  T h is  to o  c o u ld  be expected to  f lu c tu a te ,  th e  
more so th e  g re a te r  th e  p e r io d  between te s ts .  F in a l ly ,  B .B .S . 
i s  tho u gh t by F is h e r & C le ve la nd  to  be t r a i t - l i k e  bu t no t 
a b s o lu te ly  f ix e d .  P.S. i s  th o u g h t to  be more s u s c e p tib le  to  
e x p e r ie n t ia l  occurances and i s  more o f a s t a te - l i k e  c o n s tru c t.
I t  may w e ll  be, th e re fo re ,  t h a t  th e  v a r ia t io n  observed in  
t e s t - r e t e s t  s tu d ie s  i s  n o t a l l  " e r r o r "  v a r ia n c e  bu t i s ,  in  p a r t ,  
t o  be expected due to  th e  n a tu re  o f the  c o n s tru c t being 
measured.
In  th e  case o f these  th re e  p e rce p tu a l te s ts ,  even i f  e i t h e r  
a b s o lu te  c o n s tru c t s t a b i l i t y  i s  assumed o r i f  l in e a r  c o n s tru c t 
v a r ia t io n  amongst s u b je c ts  ove r tim e  i s  assumed then  the  minimum 
t e s t - r e te s t  c o e f f ic ie n t  o f  a p p ro x im a te ly  0.80 would mean th a t  
o n ly  64$ o f  th e  data  v a r ia n c e  i s  a v a i la b le  f o r  a p o s s ib le  
a s s o c ia t io n  w ith  o th e r t e s t  measures. W ith o u t knowing o r h a v in g  
an e s tim a te  o f th e  p o p u la t io n  c o r r e la t io n  c o e f f ic ie n t  (s in c e  th e  
th e o ry  proposes an o v e r la p  b u t can no t in d ic a te  to  what degree) 
i t  i s  no t p o s s ib le  to  e s tim a te  o b je c t iv e ly  th e  number o f 
s u b je c ts  re q u ire d  to  o b ta in  such a r e s u l t  a t  th e  0.05 le v e l .  
Should i t  be dec ided , however, th a t  an o v e r la p  o f a t le a s t  an 
e ig h th  o f th e  w ho le  da ta  v a r ia n c e , f o r  example, i s  re q u ire d  
b e fo re  c o n s id e r in g  th e  two te s t s  to  be a sso c ia te d  then  th e
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re q u ire d  N can be c a lc u la te d . 0.125 o f th e  whole va ria nce  i s  
e q u iv a le n t  t o  0.1953 o f 64$ o f  th e  whole v a r ia n c e . To o b ta in  
t h i s  le v e l  o f shared va ria n ce  re q u ire s  a c o r r e la t io n  c o e f f ic ie n t  
o f  0 .4419 , A t th e  0 .5  le v e l o f s ig n if ic a n c e  ( tw o - ta i le d )  t h i s  
w ou ld  re q u ir e  a t  le a s t  23 s u b je c ts . I t  i s  n o t f e l t ,  however, 
t h a t  th e  36$ " e r r o r "  va ria n ce  i s  n e c e s s a r i l ly  u n a v a ila b le  f o r  
c o r r e la t io n  (a s  argued above) and th a t  o n ly  th a t  e r ro r  due to  
measurement (w h ich  can no t be separa ted  o u t)  would no t be 
a v a i la b le .  I f  one were to  a llo w  10$ measurement e r ro r  then  90$ 
o f  th e  t o t a l  v a ria n c e  would s t i l l  be a v a i la b le  f o r  p o ss ib le  
in t e r a c t io n .  An e ig h th  o f th e  whole v a ria n c e  i s  e q u iv a le n t to  
0 .1389 o f 90% o f  th e  whole v a r ia n c e . T h is  le v e l o f shared 
v a r ia n c e  re q u ire s  a c o r r e la t io n  c o e f f ic ie n t  o f 0 .3727. At th e  
0 .0 5  s ig n if ic a n c e  le v e l t h is  would re q u ire  a t  le a s t  29 s u b je c ts . 
The use o f more than  29 s u b je c ts  tends to  in c re a se  the  power o f  
th e  " r "  s t a t i s t i c ;  th a t  i s ,  one i s  le s s  l i k e l y  to  r e je c t  a t r u e ,  
n o n -n u ll h y p o th e s is .
1 .1 .6  Hypotheses.
i )  A person showing h ig h  f i e l d-independenee on the  E .F .T , 
w ou ld  a ls o  shew a w e l l  d e fin e d  body-concept as 
measured by th e  B .B .S . and would dem onstra te  a h igh  
degree o f accuracy o f  R .P .E.
i i )  D if fe re n c e s  in  B .B .S . between s u b je c ts  should  be 
p a r a l le le d  by d if fe re n c e s  in  " c e n t r a l"  and " lo c a l"
R. P .E .accuracy scores such th a t  those w ith  a h l# i  
B .B .S . would have a g re a te r  lo c a l ove r c e n tra l R .P .E.
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accuracy score  than  those  s u b je c ts  w ith  a low  B .B .S .
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1.2 Method,
1 .2 .1  E xe rc ise  p ro to c o l and R a tin g  o f Perce ived E x e r tio n .
E xerc ise  was perfo rm ed on a "P ow erjog" m o to r ise d  t r e a d m i l l  
and fo llo w e d  A s tra n d ’ s p ro to c o l f o r  d e te rm in in g  V02max.
(A s tra nd  & Rodahl, 1970) in  w h ich  th e  speed rem ains co ns ta n t 
w h i ls t  the  w ork load  i s  in c re a s e d  by r a is in g  th e  s lope  1,5 
degrees every 3 m inu tes  u n t i l  th e  s u b je c t i s  unable to  co n tin u e  
o r a h e a r t - r a te  o f 200 b ts /m in  i s  reached. E xe rc ise  te s t in g  was 
preceded by a 3 -  5 m inu te  warm-up p e r io d  w h ich  a ls o  a llow ed  th e  
s u b je c t to  g e t used to  th e  nove l s e n s a tio n  o f ru n n in g  on a 
t r e a d m il l .  The i n i t i a l  speed f o r  each s u b je c t was determ ined 
d u r in g  t h is  warm-up p e r io d , b e in g  based upon th e  s u b je c t ’ s 
h e a r t - r a te  response to  th e  v e ry  lew warm-up w o rk - lo a d . Vg and 
%02 were c o n tin u o u s ly  m o n ito red  u s in g  W ashington re s p ira to ry  
f le w  and oxygen tra n s d u c e rs ; h e a r t - r a te  was reco rded  f o r  the  
la s t  f i f t e e n  seconds o f  each m inu te  o f e xe rc is e  on an Ormed 
(D ev ices) h e a r t - r a te  m eter and c h a r t  re c o rd e r. The R.P.E. 
sca le  was shown and e x p la in e d  to  th e  s u b je c t and th e  d iv is io n  
in t o  lo c a l ,  c e n tra l and o v e r a l l  R .P .E. was d e fin e d . Each 
s u b je c t was g iv e n  a p ra c t ic e  use o f the  sca le  d u r in g  t h e i r  
warm-up. R .P .E. was take n  a f t e r  each m inu te , th e  sca le  (F ig u re  
1 .2 . i )  be ing  p o s it io n e d  so th e  s u b je c t cou ld  see i t  f o r  
re fe re n ce  w h i ls t  ru n n in g . U sing d a ta  frcm  a l l  com pleted 
w ork loads, a Pearson c o r r e la t io n  m a tr ix  was o b ta in e d  f o r  each 
s u b je c t o f h e a r t - r a te ,  V0%, Vg, w o rk load  and th e  th re e  R .P .E .
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measures ( o v e r a l l ,  lo c a l and c e n t r a l) .  The c o r r e la t io n  
c o e f f ic ie n t  " r "  between R .P .E . and each o f th e  p h y s io lo g ic a l 
v a r ia b le s  th u s  o b ta in e d  was used as a measure o f th e  a b i l i t y  o f 
th e  in d iv id u a l  to  p e rc e iv e  t h e i r  own e x e r t io n  a c c u ra te ly ;  t h i s  
accuracy sco re  was based upon th e  assum ption th a t  th e  
p h y s io lo g ic a l a c t i v i t y  o f th e  body gave a " t r u e "  in d ic a t io n  o f 
th e  p h y s ic a l e x e r t io n .
[The R .P .E .s c a le  was a rranged  by Borg to  correspond to  
a p p ro x im a te ly  o n e -te n th  o f th e  s u b je c ts ’ s h e a r t - r a te ;  f o r  
example, a t  a w o rk lo a d  th a t  e l i c i t e d  an h e a r t - r a te  o f 170, th e  
su b je c t w ou ld  g iv e  a R .P .E . o f 17. I t  shou ld  be noted th a t  th e  
sca le  was c o n s tru c te d  u s in g  d a ta  from  work perfo rm ed s o le ly  on a 
b ic y c le  e rgom ete r and by h e a lth y , m idd le-aged men p e rfo rm in g  
moderate to  hard  w o rk . C onsequently , i t  must be expected th a t  
f o r  a d i f f e r e n t  p o p u la t io n  p e rfo rm in g  a d i f f e r e n t  type  o f 
a c t i v i t y ,  th e  c o n s ta n t r e la t in g  H.R. and R .P .E . w i l l  change 
even though th e  degree o f c o r r e la t io n  should n o t . ]
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7 Very, ve ry  l i g h t
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19 V ery, ve ry  hard
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F ig u re  1 .2 . i :  "B o rg ’ s R.P.E, sca le  (1 9 7 0 ) ."
1 .2 .2  The Embedded F ig u re s  T e s t.
W itk in ’ s Embedded F ig u re s  Test was a d m in is te re d  fo l lo w in g  
h is  cwn p ro to c o l (1950) in  w h ich  th e  complex f ig u r e  i s  shewn t o  
th e  s u b je c t f o r  15 seconds, fo llo w e d  by th e  s im p le  f ig u r e  f o r  10 
seconds and th e n  th e  complex f ig u r e  aga in  u n t i l  th e  s u b je c t 
c o r r e c t ly  p e rc e iv e s  and in d ic a te s  th e  h idden  s im p le  shape w i t h in  
i t  (F ig u re  1 . 2 . Ü ) .  The tim e  taken  to  f in d  th e  embedded f ig u r e  
i s  th e  sco re  f o r  th a t  ca rd ; th e re  were 24 ca rds  in  t o t a l .
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F ig u re  1 . 2 . Ü :  "A s im p le  and ccxaplex f ig u r e  p a ir  frcm  W itk in ’ s
E .F .T ."
1 .2 .3  Body B a r r ie r  Score & P e n e tra t io n  Score.
F is h e r and C le ve la n d ’ s B .B .S . and P.S. were scored frcm  
responses to  th e  Rorshach I n k - b lo t s  fo l lo w in g  t h e i r  own s p e c i f ic  
in s t r u c t io n s  (F is h e r  & C le ve la nd , 1958 /68 ); t h i s  t e s t ,  l i k e  th e  
o th e rs , was a d m in is te re d  in d iv id u a l ly .  Each s u b je c t was shown 
th e  te n  ca rds (some tw ic e , some th re e  tim es  a c c o rd in g  to  the  
t e s t ’ s in s t r u c t io n s ) ,  g iv in g  a t o t a l  o f tw e n ty - fo u r  responses. 
The a c tu a l m ark ing  system employed by F is h e r and C leve land  i s  
f a i r l y  in v o lv e d  and i t  would se rve  l i t t l e  purpose to  r e i t e r a te  
i t  here  in  i t s  e n t i r e t y ;  i t s  m a jo r g u id e lin e s ,  however, a re  
r e la t i v e l y  s im p le  and w i l l  p ro v id e  some id e a  o f th e  l in k s  
between th e  p e rce ive d  image and th e  re s u lta n t  b a r r ie r  o r 
boundary sco re . F is h e r and C le ve la nd  found two broad c a te g o r ie s  
o f  response th a t  re la te d  to  bou n da rie s  o r  s u rfa c e s . "One g roup  
o f  re fe re n c e s  had to  do w ith  a s s ig n in g  d e f in i t e  s t ru c tu re ,
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d e f in i t e  substance , and d e f in i t e  su rface  q u a l i t ie s  to  th e  
bounding p e r ip h e r ie s  o f th in g s .  These re fe re n c e s  to o k  such 
d iv e rs e  form s as n o t in g  th e  unusual fu z z in e s s  o f  th e  s k in  o f an 
a n im a l, em phasiz ing  th e  d e c o ra tiv e  p a tte rn  o f a s u rfa c e , o r  
e la b o ra t in g  upon th e  c lo th in g  worn by a person. The emphasis 
here  was upon th e  p o s it iv e n e s s  and d e f in ite n e s s  o f  bou n da rie s . 
P ercep ts  c o n ta in in g  such re fe re n c e s  were la b e lle d  'B a r r ie r  
re s p o n s e s '. A second group o f  re fe re n c e s , which was th e  b a s is  
f o r  ano the r boundary sco re , had to  do w ith  boundary p e r ip h e r ie s  
o n ly  in  th e  n e g a tiv e  sense o f em phasizing t h e i r  weakness, la c k  
o f  substance, and p e n e t r a b i l i t y .  Responses o f  t h is  s o r t  
concerned s u rfa c e s  be ing  broken , d es troyed , o r absen t. They 
were la b e lle d  'P e n e t ra t io n  o f Boundary re s p o n s e s '."
1 .2 .4  S u b je c ts .
The s u b je c ts  w ere a l l  s tu d e n ts  (25 male and 18 fem ale 
s u b je c ts )  aged between 18 and 30 (mean = 20 .4 ) and o f  w id e ly  
v a ry in g  a t h le t i c  backgrounds and VO2 max. H e igh t and w e ig h t 
were measured and th e  Pondéral Index ( P . I . s  H t/"^ W t) was 
c a lc u la te d  f o r  each s u b je c t.  T h is  la s t  in d ex  i s  commonly used 
in  th e  scm a to typ in g  o f  body shape and i s  a measure o f r e la t iv e
l i n e a r i t y .  These p h y s ic a l param eters o f body s iz e  and shape
were in c o rp o ra te d  in t o  th e  s tudy s in ce  i t  was f e l t  th a t  they may
be in f lu e n t ia l  in  th e  fo rm a tio n  o f an o v e r a l l  body concep t.
S trong  r e la t io n s h ip s  between P . I .  and s e l f - e f f ic a c y ,  
se lf-e s te e m  and R .P .E . have been found (Doust e t  a l . , 1986).
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1 .3  R e s u lts .
Throughout t h i s  th e s is ,  tw o - ta i le d  te s t s  o f  p r o b a b i l i t y  
have been used u n le ss  the  d ir e c t io n  o f  th e  r e la t io n s h ip  under 
c o n s id e ra t io n  has been p re v io u s ly  hypo the s ize d  fo l lo w in g  sound 
th e o r e t ic a l  bases. The hypotheses conce rn ing  t h is  s e c tio n  have 
been g iv e n  above.
1 .3 .1  O v e ra ll Pearson C o rre la t io n s .
The h ig h  degree o f c o r r e la t io n  u s u a lly  found between 
w o rk lo a d , h e a r t - r a te ,  VO2 and Vg d u r in g  e x e rc is e  (A s tra nd  & 
R odahl, 1970; Matthews & Fox, 1974) was observed . The v a r io u s  
"a c c u ra c y " sco res  r e la t in g  R .P .E . to  w o rk lo a d , Vg, VOg and 
H e a r t - ra te  (T ab le  1 . 3 . i )  were consequen tly  f a i r l y  s im i la r .
R .P .E .c  R .P .E .o  R .P .E .1
Vg 0.8601 0.8842 0.8881
W orkload 0.8562 0.8735 0.8841
VO2 0.8340 0.8410 0.8547
H e a r t - ra te  0.8257 0.8297 0.8404
T ab le  1 .3 . i :  "Mean R .P .E .accuracy sco res  (R .P .E . compared to
u n d e r ly in g  p h y s io lo g ic a l ch an g es )."
[R .P .E .c  = c e n t r a l ;  R .P .E .o  = o v e r a l l ;  R .P .E . l = lo c a l .  ]
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A l l  c o r r e la t io n  c o e f f ic ie n t s  underwent F is h e r ’ s Z 
tra n s fo rm a tio n  b e fo re  the  fo l lo w in g  s t a t i s t i c a l  te s ts  were 
c a r r ie d  o u t.  An a n a ly s is  o f v a r ia n c e  was perform ed on th e  
tra ns fo rm e d  da ta . (O n ly  R .P .E . l and R .P .E .c  data  were used 
s in c e  i t  was f e l t  t h a t  th e  R .P .E .c  data  cou ld  no t r e a l i s t i c a l l y  
be cons ide red  as be ing  independen t o f th e  o th e r two, t h i s  
because th e  " o v e r a l l "  r a t in g  i s  form ed f ra n  a com b ina tion  o f  
c e n tra l and lo c a l p e rc e p tu a l in p u ts . )
Source o f V a r ia t io n  F S ig n if ic a n c e  o f F
R .P .E . type  0 .032  0.859
P h y s io lo g ic a l
measure type 3*691 0.012
Sex 4.021 0.046
None o f the  in te r a c t io n s  w ere s t a t i s t i c a l l y  s ig n i f ic a n t  
though th a t  between Sex and R .P .E . type  in d ic a te d  a tendency f o r  
th e  p a tte rn  o f R .P .E. accuracy sco re s  between th e  male and 
fem ale  s u b je c ts  to  d i f f e r  (F = 3 *32 , p = 0 ,0 6 9 ). T h is  
r e la t io n s h ip  i s  examined more c lo s e ly  belcw .
Of th e  tw e lve  e f f o r t - e s t im a te  accuracy scores ( th re e  
R .P .E .8 f o r  each o f h e a r t - r a te ,  w o rk lo a d , VO2 and Vg ) o n ly  
those  f o r  VOg and Vg were found  t o  c o r re la te  s ig n i f ic a n t ly  w ith  
any o th e r awareness measures. A l l  tw e lve  had many
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in t e r - c o r r e la t io n s  w ith  each o th e r in d ic a t in g  th e  c loseness  w ith  
w h ich  changes in  p h y s io lo g ic a l fu n c t io n  accompanied th e  changes 
i n  th e  p h y s ic a l w o rk load  (see Appendix A i) .
1 . 3 .2  S eparate  da ta  ana lyse s  f o r  each sex.
F is h e r & C leve land  (1968) re p o rte d  d if fe re n c e s  in  mean 
B .B .S . scores such th a t  fem ale  s u b je c ts  scored s ig n i f ic a n t ly  
h ig h e r  than  d id  male s u b je c ts . W itk in  (1950) re p o r te d  
d if fe re n c e s  in  th e  v a r ia n c e  o f E .F .T  scores between male and 
fem ale  s u b je c ts  (such th a t  th e  fem ale  s u b je c ts  showed g re a te r  
v a r ia n c e ) though t h is  d id  n o t q u ite  achieve s ig n if ic a n c e  a t  th e  
0 .05  le v e l (v a r .  r a t io  = 1 .53 , d f  = 5 0 ,5 0 ). The above data  
a ls o  tend to  suggest d if fe re n c e s  between th e  sexes i n  th e  use o f 
th e  lo c a l and c e n tra l R .P .E. s ca le s . F u rthe rm ore , an i n i t i a l  
scan o f the  sepa ra te  c o r r e la t io n s  m a tr ic e s  (A ppendices A i i  & 
A i i i )  suggested th a t  sex p layed  a d e c is iv e  and p o s s ib ly  d iv is iv e  
r o le  in  th e  r e la t io n s h ip s  between th e  v a r io u s  p e rc e p tu a l te s ts  
and p h y s io lo g ic a l measures. Consequently, i t  was decided 
i n i t i a l l y  to  ana lyse  the  da ta  s e p a ra te ly  f o r  each sex and th e n , 
subsequen tly , to  compare a c ro ss  th e  su b je c t g roups. Tab les
I . 3 . Ü  and 1 . 3 . i i i  a re  th e  mean R .P .E .accuracy sco res  f o r  male 
and fem ale  s u b je c ts . S ince t h is  s p l i t  o f the  s u b je c t group was 
n o t a n t ic ip a te d  in  th e  above hypotheses, a l l  p r o b a b i l i t ie s  
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Table 1 .3 .1 1 : "Mean R .P .E .accuracy  scores o f male s u b je c ts
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Table  1 .3 . i l l :  "Mean R .P .E .accuracy  scores o f  fem a le  s u b je c ts
(R .P .E . judgem ents compared t o  u n d e rly in g  p h y s io lo g ic a l 
changes). "
I t  can im m e d ia te ly  be seen th a t  th e re  a re  b a s ic  d if fe re n c e s  
in  th e  p a t te rn  o f  th e  ta b le s .  The male s u b je c ts  g e n e ra lly  
showed g re a te r  accuracy in  t h e i r  c e n tra l R .P.E. judgm ents th a n
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i n  t h e i r  lo c a l R .P.E, judgem ents w h i ls t  the fem ale s u b je c ts  
dem onstrated a g re a te r  accuracy in  t h e i r  lo c a l R.P.E. 
judgem ents over t h e i r  c e n tra l ones. I t  was these p a tte rn  
d if fe re n c e s  th a t  were in d ic a te d  by th e  in te r a c t io n  o f Sex w ith  
R .P ,E .typ e  noted e a r l ie r  (F = 3 .3 2 , p = O.O69) .  Separate Oneway 
ana lyses  o f v a ria n c e  f a i le d  t o  f in d  s t a t i s t i c a l l y  s ig n i f ic a n t  
d if fe re n c e s  between R .P .E .typ e  f o r  e i th e r  sex.
An o rd e r in g  o f th e  da ta  can a ls o  be observed a cross  th e  
ty p e s  o f p h y s io lo g ic a l measurement such th a t  th e  male s u b je c ts  
were most a ccu ra te  when Vg, was be ing  used as th e  p h y s io lo g ic a l 
param eter a g a in s t w h ich  R .P .E . was be ing  compared, w ith  H.R. 
be ing  a ssoc ia te d  w ith  th e  le a s t  a c c u ra te  e s tim a te s  o f e f f o r t  
( th e  complete o rd e r from  most to  le a s t  a ccu ra te  b e ing : Vg, VO2 ,
W kLd., H .R .). For th e  fem ale  s u b je c ts  th e  o rd e r was d i f f e r e n t  
(m ost accu ra te  to  le a s t  a c c u ra te  g e n e ra lly  b e in g : W kLd., Vg,
H .R ., VO2) .
Separate oneway ana lyses  o f v a r ia n c e  fo r  each R.P.E. sc a le  
( o v e r a l l ,  lo c a l and c e n t r a l)  in d ic a te d ,  hew e ve r, th a t  t h is  
p a t te rn in g  was o n ly  s t a t i s t i c a l l y  s ig n i f ic a n t  f o r  th e  male 
s u b je c t data  and o n ly  when R .P .E .c  was th e  dependent v a r ia b le  (F 
= 4 . 45 , p < 0 .0 2 5 ).
Separate Pearson c o r r e la t io n s  f o r  male and fem ale s u b je c t 
g roups y ie ld e d  a number o f d i f f e r e n t  r e la t io n s h ip s ,  many o f 
w h ich  were h idden  in  th e  o r ig in a l ,  o v e r a l l  c o r r e la t io n  m a tr ix  
(see  Appendices A i i  and A l i i ) .  The s p l i t t i n g  o f  th e  s u b je c t poo l
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In to  male and fem a le  sub-groups causes some problem s w ith  
re sp e c t to  s ig n if ic a n c e  le v e ls  o f the  c o r r e la t io n  c o e f f ic ie n t .  
F i r s t l y ,  a c o r r e la t io n  c o e f f ic ie n t  as low as 0.3727 
(co rre s p o n d in g  to  a s h a r in g  o f  one -e ig h th  o f th e  t o t a l  sub-group  
da ta  v a r ia n c e ) c o u ld  o n ly  be s t a t i s t i c a l l y  s ig n i f ic a n t  a t  > 0 .05  
le v e l i f  le s s  th a n  29 s u b je c ts  were a v a i la b le .  T h is  means th a t  
f o r  bo th  sub-groups an o v e r la p  o f more than  o n e -e ig h th  would  
have to  be re q u ire d  b e fo re  a s u f f ic ie n t  a s s o c ia t io n  between th e  
te s ts  to  su p p o rt th e  th e o r e t ic a l background co u ld  be sa id  to  
e x is t .  That i s ,  th e  power o f th e  s t a t i s t i c a l  t e s t  i s  g re a t ly  
reduced and i t  becomes more l i k e l y  th a t  a t ru e ,  n o n -n u ll 
h y p o th e s is  w i l l  be w ro n g ly  re je c te d .  S econdly, th e  two 
sub-groups a re  unequal in  s iz e . T h is  has th e  e f f e c t  o f  making 
i t  le s s  l i k e l y  f o r  th e  fem ale  sub-group to  show s t a t i s t i c a l l y  
s ig n i f ic a n t  a s s o c ia t io n s  th a n  f o r  the  male sub -g roup . W h ils t  
both  these fa c to r s  must be conside red  when exam in ing  these  
r e s u l t s ,  i t  i s  g e n e ra lly  th e  case th a t  th e  n o n - s ig n if ic a n t  
c o r r e la t io n  c o e f f ic ie n ts  a re  ve ry  lew and th a t  th e  s iz e  o f N 
makes l i t t l e  d if fe re n c e  in  th e  acceptance o r non-acceptance o f 
th e  c o r r e la t io n  c o e f f ic ie n t  as being s t a t i s t i c a l l y  s ig n i f ic a n t .
1 .3 ,2 .1  R .P .E .a ccu racy  and B .B .S ./P .S .
(a )  Male s u b je c ts .
There were no s ig n i f ic a n t  c o r re la t io n s  between any o f  th e  
R .P .E .accu racy  sco res  and e i t h e r  B .B .S . o r  P .S.
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The d if fe re n c e s  f o r  the  fo u r  p a irs  o f R .P .E . l and R .P .E .c  
accuracy sco res were c a lc u la te d  f o r  each s u b je c t .  None o f these  
were s ig n i f i c a n t ly  c o r re la te d  w ith  B .B .S . (see  Appendix A iv ) .
(b )  Female s u b je c ts .
Only th e  r e la t io n s h ip  between B .B .S . and V g /R .P .E .c  was 
s ig n i f ic a n t  bu t t h i s  was in  th e  o p p o s ite  d i r e c t io n  t o  th a t  
expected  ( r  = -0 .5 9 4 0 , p < 0 .0 1 ) .  A lthough  n o t s t a t i s t i c a l l y  
s ig n i f ic a n t ,  th e  o th e r a s s o c ia t io n s  o f R .P .E .a ccu racy  and B .B .S . 
were s im i la r ly  n e g a tiv e .
Pearson c o r r e la t io n  o f B .B .S . w ith  th e  V g /R .P .E . d if fe re n c e  
and th e  VO2/R .P .E  d if fe re n c e  ( lo c a l -  c e n t r a l)  were both 
s ig n i f ic a n t  ( r  = 0.4838 and r  = 0.4911 r e s p e c t iv e ly ,  p < 0.05 
f o r  b o th ).
1 . 3 .2 .2  B .B .S ./P .S . and E .F .T .
(a )  Male s u b je c ts .
There was a n e g a tiv e  c o r r e la t io n  between B .B .S . and E .F .T .
( r  = -O .4314, p < 0 .0 5 ) .  D e sp ite  the  s t a t i s t i c a l  s ig n if ic a n c e  
o f  t h is  c o r r e la t io n ,  th e  s c a t te r  diagram o f these  da ta  (A ppendix 
Av ) does n o t appear to  be e ven ly  d is t r ib u te d  a lo n g  bo th  axes.
I t  was conse q ue n tly  dec ided  t o  examine t h i s  r e la t io n d b ip  in  more 
d e t a i l .
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(b )  Female s u b je c ts .
There were no s ig n i f ic a n t  c o r r e la t io n s  between these  p e rc e p tu a l 
t e s ts .
In  o rd e r to  f u r t h e r  examine th e  B .B .S ./E .F .T .  
r e la t io n s h ip ,  th e  s u b je c t poo l was re -g ro u p e d  a cco rd in g  to  sex 
and B .B .S . sco re , each sex be ing  s p l i t  in t o  a h ig h  and a lew  
B .B .S . g roup . (H igh  B .B .S . g roup  were those  s u b je c ts  w ith  a 
sco re  o f s ix  o r  ove r, th e  low  B .B .S . g roup  were d e fin e d  as 
those  w ith  a sco re  o f th re e  o r le s s . )  T h is  gave N = 6 & 10 f o r  
male h ig h  and low  B .B .S . g roups re s p e c t iv e ly  and N = 7 & 4 f o r  
fem a le  h ig h  and lew B .B .S . g roups r e s p e c t iv e ly .  A n a lys is  o f 
t h i s  da ta  re-em phasized th e  sex re la te d  d if fe re n c e s .  The male 
B .B .S . g roups showed non-hom ogeneity o f v a r ia n c e  such th a t  th e  
h ig h  B .B .S . group  da ta  had a s ig n i f ic a n t ly  s m a lle r  va ria n ce  
tha n  d id  th e  lew  B .B .S . g roup da ta  (F = 3 2 .0 2 , p = 0 .0 0 1 ).
T h is  in e q u a l i t y  o f v a r ia n c e  can be seen in  th e  s c a tte r  d iagram  
o f the  d a ta  and in d ic a te s  th a t  a lth o u g h  male s u b je c ts  who a re  
f ie ld - in d e p e n d e n t a ls o  tend  to  have h ig h e r  Body B a r r ie r  S cores, 
th e  e q u iv a le n t can n o t be s a id  f o r  th e  o th e r  end o f  the  s c a le s . 
Thus i t  w ou ld  seem th a t  o n ly  those  (m ale ) peop le  w ith  a g re a te r  
s o p h is t ic a t io n  o f  body concept w ou ld  dem onstra te  as mudi a c ro ss  
d i f f e r e n t  ty p e s  o f p e rcep tua l-aw a re n ess  te s ts  whereas those w ith  
a lo w e r le v e l would tend  to  sco re  more random ly across  d i f f e r e n t  
te s ts .  A Mann-Whitney U t e s t  was used t o  t e s t  w hether th e  two 
g roups were drawn from  th e  same p o p u la t io n  w ith  respect, to  t h e i r
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scores on th e  E .F .T . S ig n i f ic a n t  d if fe re n c e s  were found (Ü =
10, p < 0 .0 5 ) such th a t  th e  h ig h  B .B .S . group too k  le s s  tim e  to  
com plete th e  E .F .T . ;  t h a t  i s ,  they  were more f ie ld - in d e p e n d e n t.  
The fem ale  B .B .S . g roups  d id  n o t show a s ig n i f ic a n t  d if fe re n c e  
i n  E .F .T . sco res  ( t  = -0 .8 8 ,  p > 0 .4 ) .  G iven th e  sm a ll s iz e  o f 
th e  t  s t a t i s t i c ,  i t  i s  n o t th o u g h t th a t  th e  d if fe re n c e s  in  
s u b je c t nunbers between th e  male and fem ale  groups c o n tr ib u te d  
s ig n i f ic a n t ly  t o  th e  d i f f e r e n t  a s s o c ia t io n s  between E .F .T  and 
B .B .S  th a t  were fo u n d . The fem ale  s u b je c ts  d id ,  however, show a 
s ig n i f ic a n t  d i f fe re n c e  in  P.S. scores (w h ich  th e  m ales d id  n o t)  
w ith  th e  h ig h  B .B .S . group  h a v in g  s ig n i f ic a n t ly  lo w e r P.S. 
sco res  th a n  th e  low  B .B .S . g roup  ( t  = 2 .9 9 , p < 0 .0 2 5 ) .
1 .3 .2 .3  E .F .T . and R .P .E .a ccu ra cy .
Only one R .P .E .a ccu racy  score  shewed a s ig n i f ic a n t  c o r r e la t io n  
w ith  E .F .T . T h is  was f o r  the  male data  o n ly  and in v o lv e d  th e  
W orkload/R . P .E .c  sco re  ( r  = 0 .3978 , p < 0 .0 5 ) .  I t  shou ld  
perhaps be noted, how ever, th a t  f o r  the  fem ale  d a ta , the  
W o rk lo a d /R .P .E .o  sco re  approached s t a t i s t i c a l  s ig n if ic a n c e  ( r  = 
0 .4240, p = 0 .0 9 ) .  I t  may be th a t  had th e re  been a s im i la r  
nixnber o f fa n  a le  s u b je c ts  as th e re  were male then  t h i s  to o  w ou ld  
have ach ieved  s t a t i s t i c a l  s ig n if ic a n c e .  I t  i s  o f  course e q u a lly  
p o s s ib le  th a t  more fem a le  s u b je c t da ta  would have re s u lte d  i n  a 
lo w e r c o r r e la t io n  c o e f f ic ie n t .  The d is p a r i t y  between th e  male 
and fem ale  s u b je c t numbers and th e re fo re  between th e  a b i l i t y  o f  
th e  c o r r e la t io n  c o e f f ic ie n t  t o  in d ic a te  d ive rgence  frcm  th e  n u l l
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h y p o th e s is  shou ld , however, be borne in  m ind. H aving s a id  t h i s ,  
i t  can be seen from  the  c o r re la t io n  m a tr ix  (A ppend ix  A iv )  t h a t  
th e  o th e r R .P .E .a ccu racy  scores had ve ry  l i t t l e  a s s o c ia t io n  w ith  
th e  o th e r p e rc e p tu a l te s t  sco res. I t  i s  n o t f e l t ,  th e re fo re ,  
th a t  th e  d i f f e r e n t  p a t te rn s  o f r e la t io n s h ip s  found  between th e  
two sexes i s  due to  d if fe re n c e s  in  th e  power o f  th e  s t a t is t ic s  
used.
1 , 3 .2 .4  O the r r e la t io n s h ip s .
(a )  Male s u b je c ts .
B .B .S . c o r re la te d  w ith  age ( r  = -0 .4 0 2 5 , p < 0 .0 5 ) .
P. I .  was seen to  c o r re la te  p o s i t iv e ly  and s ig n i f i c a n t ly  w ith  
P.S. ( r  = 0 . 5266, p < 0 .01 ) and w ith  h e ig h t  
( r  = 0 .4 6 55 , p < 0 .0 2 5 ) .
(b )  Female s u b je c ts .
E .F .T . tended to  be p o s i t iv e ly  c o r re la te d  w ith  age ( r  = 0 .4506 ,
p s 0 . 060) .
1 . 3 .3  Com parison o f  th e  two sexes.
(a )  There w ere no s ig n i f ic a n t  d if fe re n c e s  in  mean E .F .T . sco re s  
between m ale and fem a le  s u b je c ts  ( t  = 0 .2 ,  p > 0 .5 )  w hich i s  
c o n tra ry  t o  W itk in *  s cwn f in d in g s  (1 9 5 0 ). I t  shou ld  be no ted ,
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however, th a t  d if fe re n c e s  in  th e  v a r ia n c e s  o f th e  male and 
fem ale  da ta  approached s t a t i s t i c a l  s ig n if ic a n c e  (v a ria n c e  r a t io  
= 2.507 and F.975 (2 4 ,1 7 ) = 2 .5 5 ) .  T h is  tendency does echo t h a t  
found  by W itk in  (1 9 5 0 ).
(b )  A t - t e s t  on th e  mean B .B .S . sco res  f o r  th e  male and fem a le  
s u b je c t groups shewed no s ig n i f ic a n t  d if fe re n c e s  though th e  
tre n d  ( t  = 1 .5 6 , p z 0 .118 ) was f o r  the  fem ale  s u b je c ts  t o  have 
h ig h e r  b a r r ie r  sco res  tha n  th e  male s u b je c ts  (fem a le  mean = 5 .3 9  
± 2 .6 ,  male mean % 4 .20  + 2 .3 ) .
There were no s ig n i f ic a n t  d if fe re n c e s  i n  P.S. between th e  two 
sexes.
( c )  As w e l l  as th e  d if fe re n c e s  in  o rd e r o f R .P .E .accuracy sco res  
w ith  re sp e c t to  R .P .E . type  and p h y s io lo g ic a l measurement (as  
d esc rib e d  above), a Oneway a n a ly s is  o f v a r ia n c e  u s in g  o n ly
R .P .E . l and R .P .E .c  da ta  from  Tab les  1 .3 .Ü  and 1 . 3 * i i i  (F % 
2 0 , 7 4 , p z 0 ,001) in d ic a te d  th a t  th e re  were d if fe re n c e s  in  
R .P .E .accuracy between th e  two sexes w ith  the  male s u b je c ts  
be ing  g e n e ra lly  more a ccu ra te  in  t h e i r  e f f o r t  e s tim a te s  th a n  th e  
fem ale  s u b je c ts .
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1 .4  D iaA u aalo D
The h ig h e s t agreements between R .P .E. and p h y s io lo g ic a l 
fu n c t io n  f o r  th e  male s u b je c t group and a ls o  f o r  th e  combined 
s u b je c ts  group were those in v o lv in g  measures o f pulmonary 
fu n c t io n .  W h ils t  t h is  does n o t prove a d ir e c t  l i n k  between th e  
two i t  does im p ly  th a t  a person  i s  more l i k e l y  to  be basing  
t h e i r  judgem ent o f b o d ily  e x e r t io n  upon some aspect o f pulmonary 
fu n c t io n in g  ra th e r  than upon h e a r t - r a te .  [ I t  has s ince  been 
shown in  a re la te d  study (D a v is , 1983) th a t  a person*s e s tim a te  
o f  pe rce ive d  e x e r t io n  fo l lo w s  h is  cu m u la tive  volume 
s ig n i f ic a n t ly  more c lo s e ly  tha n  i t  does h e a r t - r a te  du ring  
t r e a d m i l l  e x e rc is e , ]  T h is  may be because the  a c t o f b re a th in g  
w ou ld  i n i t i a t e  both c e n tra l (e .g .  carbon d io x id e  con ten t o f th e  
b lo o d ) and lo c a l (e .g .  p ro p r io c e p t iv e  feedback from  the 
in te r c o s ta l  m uscles) p e rc e p tio n s  o f e f f o r t  th u s  p ro v id in g  more 
in fo rm a t io n  from  which to  draw a s u b je c t iv e  e s tim a te  o f th a t  
e f f o r t .
I t  i s  perhaps w orthy  o f note  th a t  th e  in te r a c t io n  o f sex on 
R .P .E .accu racy across R .P.E. type  (c e n ta l and lo c a l)  does tend  
to  su pp o rt h yp o th e s is  i i  in  th a t  th e  fem ale s u b je c ts , who a re  
more a ccu ra te  when e s tim a tin g  lo c a l R .P .E .s  th a n  c e n tra l 
R .P .E .8, a ls o  score more h ig h ly  than  th e  men (whose 
R .P .E .accuracy  tends to  be in  th e  re ve rse  o rd e r) on B .B .S . That 
i s ,  th e  fem ale s u b je c ts  a re  more re c e p t iv e  o r a t te n t iv e  to  th e  
o u ts id e  o f t h e i r  bod ies  tha n  they  a re  to  th e  in s id e .  H ypothes is
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i i  was fu r t h e r  suppo rted , f o r  the  fa n  a le  s u b je c ts  a t  le a s t ,  by 
th e  s ig n i f ic a n t  a s s o c ia t io n  o f B .B .S . w ith  th e  d ife re n c e  
between lo c a l  and c e n tra l R .P .E .accuracy scores on two o f th e  
p h y s io lo g ic a l param ete rs .
The male s u b je c ts  dem onstra ted a la c k  o f a s s o c ia t io n  
between body awareness as measured by any o f th e  R .P .E .accu racy  
sco res  per se and th a t  measured by B .B .S . o r  P.S. The fem ale  
s u b je c ts , however, tended to  dem onstrate an a s s o c ia t io n  in  th e  
o p p o s ite  d ir e c t io n  to  th a t  p re d ic te d . One p o s s ib le  e x p la n a tio n  
o f  t h i s  0 ienonenon i s  th a t  the  ta s k  i t s e l f  ( t r e a d m il l  ru n n in g  
under the  g iv e n  p ro to c o l)  may tend to  invoke  c e n tra l ra th e r  tha n  
lo c a l p h y s io lo g ic a l cues. Consequently, people who a tte n d  more 
to  c e n tra l a c t i v i t y  ( i . e .  male s u b je c ts ) would have g e n e ra lly  
b e t te r  e s tim a te s  o f e f f o r t  s ince thqy would have more 
in fo rm a tio n  a t  t h e i r  d is p o s a l upon which to  base t h e i r  
e s tim a te s . Thus th e  d if fe re n c e s  between the  two sexes in  degree 
o f awareness f o r  the  o u ts id e  o f the  body as opposed to  th e  
in s id e  cou ld  cause the  d i f f e r e n t  o rd e r in g  e f fe c ts  observed 
between c e n t ra l,  o v e r a l l  and lo c a l R .P .E .s  w h i ls t  th e  n a tu re  o f 
th e  ta sk  i t s e l f  co u ld  a m p lify  t h is  d if fe re n c e  so th a t  a l l  e f f o r t  
e s tim a te s  to  do w ith  t h is  p a r t ic u la r  task  would be more a c c u ra te  
th e  more one i s  c e n t r a l ly  a t te n t iv e .
I t  would seem frcm  th e  p resen t study th a t  th e  r e la t io n s h ip  
o f  B .B .S . and P.S. w ith  E .F .T . i s  a ssoc ia te d  w ith  sex 
d if fe re n c e s  w ith  men e x h ib i t in g  a d e f in i t e  co n n e c tio n  between
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E .F .T . and B .B .S  in  th e  th e o r e t ic a l ly  p re d ic te d  d ir e c t io n  and 
women e x h ib i t in g  a d e f in i t e  in v e rs e  co n n e c tio n  between B .B .S . 
and P.S. (T h is  i s  d i f f e r e n t  frcm  p re v io u s  w ork by S ie ga l (1977) 
in  w h ich  no c o r r e la t io n  between E .F .T . and B .B .S . was shown, 
w ith  th e  same study a ls o  f in d in g  no c o r r e la t io n  between B .B .S . 
and P.S. though a t  th e  same tim e  p re d ic t in g  th a t  th e re  should 
b e .)  In te ra c t io n s  o f sex on body p e rc e p tio n  may account f o r  th e  
la c k  o f  o v e ra ll c o r r e la t io n  found  in  p re v io u s  s tu d ie s .
1 .4 .1  Summary o f f in d in g s .
1 .4 .1 .1  H ypothes is  I :
Male s u b je c ts  dem onstrated th e  p re d ic te d  r e la t io n s h ip s  between 
E .F .T . and B .B .S .; i . e .  th a t  f i e l d  independent people would 
have h ig h e r B .B. Scores. The p re d ic te d  r e la t io n s h ip  between 
E .F .T  and R .P .E .accuracy and between R .P .E .accuracy and B .B .S . 
were n o t, however, appa ren t.
The fem ale s u b je c ts  dem onstrated a t o t a l l y  d i f f e r e n t  p a t te rn  o f  
re la t io n s h ip s .  No a s s o c ia t io n  was found between E .F .T . and 
B .B .S . nor between E .F .T . and R .P .E .a ccu ra cy . A n e g a tive  
c o r r e la t io n  was found between B .B .S . and R .P .E .c  acccuracy w ith  
th e  o th e r R .P .E .accuracy scores shewing n o n - s ig n if ic a n t  
a s s o c ia t io n s  in  the  same d ir e c t io n  ( i . e .  a h ig h e r B .B .S . was 
c o r re la te d  w ith  a lo w e r R .P .E .a c c u ra c y ). Such r e la t io n s h ip s  a re  
c o n tra ry  to  th a t  p re d ic te d .
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1 .4 .1 .2  H ypo thes is  I I :
A gain , marked d if fe re n c e s  between th e  sexes were dem onstra ted . 
Whereas th e  male s u b je c ts  showed no re la t io n s h ip s  between B .B .S . 
and a p re d is p o s it io n  tow ard  g re a te r  R .P .E . l accuracy over 
R .P .E .c  accu racy , s ig n i f ic a n t  r e la t io n s h ip s  in  th e  p re d ic te d  
d ir e c t io n  were found  f o r  th e  fem ale  s u b je c ts  in d ic a t in g  th a t  
those  fa n  a le s  w ith  a g re a te r  awareness o f  t h e i r  body boundary 
showed g re a te r  lo c a l  ( i . e .  m uscu lar) th a n  c e n tra l ( i . e .  
v is c e r a l)  R .P .E .a ccu ra cy .
The r e s u l t s  frcm  t h is  f i r s t  in v e s t ig a t io n  co u ld  be regarded  
as be ing  in d ic a t iv e  o f a la c k  o f  an o v e r a l l  p e rc e p tu a l s ty le  
in f lu e n c in g  th e  many p e rc e p tu a l a b i l i t i e s  subsumed beneath i t .  
The fa c t  th a t  some p a r ts  o f  th e  o r ig in a l  hypotheses were shewn 
to  be c o r re c t ,  however, s t i l l  in d ic a te d  th a t  p e rce p tu a l s t y le  as 
measured by th e  E .F .T . d id  share  some fo rm  o f r e la t io n s h ip  w ith  
c e r ta in  o th e r  p e rce p tu a l measures and s in c e  no d e f in i t e  
r e la t io n s h ip  between R .P .E .accuracy  and E .F .T . bad so f a r  been 
found , i t  was decided to  lo o k  a t  t h is  a rea  more c lo s e ly .
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1.5 I hsll.
1.5 .1  Method.
The to p  and bottom  s c o re rs  on th e  E .F .T . ( f a s t  and slow 
g ro up s), bo th  male and fe m a le , were re - te s te d  f o r  
R .P .E .accu racy . I t  was hoped to  be ab le  to  use th e  to p  and 
bottom tw e lve  peop le  o f each sex bu t problems o f  s u b je c t 
a v a i la b i l i t y  reduced th e  numbers to  n = 9 male s u b je c ts  and n z 
7 fem ale s u b je c ts . A d i f f e r e n t  t r e a d m il l  p ro to c o l was used. 
Using da ta  frcm  th e  p re v io u s  s tu d y , a w ork load  was c a lc u la te d  
f o r  each s u b je c t such th a t  i t  shou ld  e l i c i t  an R .P .E . o f 
app ro x im a te ly  13; i . e .  each s u b je c t would be w o rk in g  a t  
s u b je c t iv e ly  th e  same w o rk lo a d . Each s u b je c t was th e n  g iv e n  
e ig h t  t r i a l s  o f th re e  m in u te s  ru n n in g  separa ted  by f iv e  m in u te s  
re s t .  Of the  e ig h t  t r i a l s ,  f i v e  were the  same p h y s ic a l w o rk lo a d  
w h i ls t  th re e  were v a r ie d  by changing e ith e r  th e  s lo p e , th e  speed 
o r both o f the  t r e a d m i l l .  The s u b je c ts  were t o ld  th a t  th e  
p h y s ic a l w o rk load  w ou ld  change randomly f o r  each t r i a l  and were 
g ive n  no in d ic a t io n  th a t  f i v e  o f the  t r i a l s  w ou ld  be th e  same.
In  between each t r i a l  th e  speed and s lope  were s e t back to  z e ro , 
th u s  each t r i a l  began w ith  a "new" s e t t in g  o f  th e  w o rk lo a d .
H e a r t- ra te  was measured o ve r th e  la s t  f i f t e e n  seconds o f  th e  
t h i r d  m inu te  and th e  th re e  R .P .E .s  were asked f o r  im m e d ia te ly  
upon c<xQpletion o f each t r i a l .
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Only th e  f i v e  s im i la r  t r i a l s  were used in  th e  a n a ly s is .
The v a r ia n c e  over th e  R .P.E. scores was c a lc u la te d  f o r  each 
s u b je c t and t h i s  was used as th e  new R. P .E .accu racy  sco re ; th e  
lo w e r the  v a r ia n c e  then  th e  h ig h e r th e  a b i l i t y  to  p e rce ive  
e x e r t io n  a c c u ra te ly .  The va ria n ce  o f th e  h e a r t - r a te  measures 
o v e r the  f i v e  t r i a l s  was a ls o  c a lc u la te d  f o r  each s u b je c t. The 
mean R .P .E .accu racy  score  was then  c a lc u la te d  f o r  each o f the  
fo u r  g roups.
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1.5.2  R esu lts .
The mean v a ria n c e s in  h e a r t - r a te s  o f each g roup  were
s ig n i f ic a n t ly d i f f e r e n t , nor were the  mean R .P .E . va lu es .
SubJ e c t FAST SLOW
RPEc RPEo RPEl RPEc RPEo RPEl
1 0.843 0.422 0.527 2.669 2.593 2.669
2 0.816 0.816 0.699 1.476 1.506 1.229
3 0.823 0.738 0.876 0.782 0.707 0.866
4 0.567 0.422 0.527 2.757 2.584 2.584
5 0.675 0.675 0.667
Tab le  1.£; . i : "R .P .E .accu racy  scores (v a ria n c e  over f iv e  t i
f o r  Male Fast iand Slow E.F .T . groups. "
S u b je c t FAST SLOW
RPEc RPEo RPEl RPEc RPEo RPEl
1 1.287 1.287 1.418 2.108 1.936 1.414
2 1.075 0.928 1.059 1.197 1.001 0.422
3 0.817 1.000 1.500 1.265 1.370 1.160
4 2.098 1.663 1.509
Table 1 .5 .1 1 : "R .P .E .accu racy  scores (v a r ia n c e  over f iv e  
t r i a l s )  f o r  Female Fast and Slow E .F .T . g ro u p s ."
Ib e  r e la t io n s h ip  between th e  two te s ts  o f  p e rc e p tio n  was 
d i f f e r e n t  f o r  th e  two sexes. There were no d if fe re n c e s  in  
e f fo r t - e s t im a te  accuracy sco res between th e  f ana le  h ig h  and lew  
E .F .T . g roups. The male group da ta  dem onstra ted
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non-hom ogeneity o f va ria nce  f o r  a l l  th re e  R .P .E .accuracy sco res  
between th e  fa s t  and slow groups th u s  th e  t - t e s t  was 
in a p p ro p r ia te .  In s te a d  th e  ra n d o m isa tio n  te s t  (S ie g a l,  1956) 
was perform ed on th e  male d a ta , t h is  be ing  a non -p a ra m e tric  
e q u iv a le n t  o f  the  t - t e s t  th a t  can u t i l i z e  in t e r v a l  le v e l d a ta .
I t  in d ic a te d  a s ig n i f ic a n t  d if fe re n c e s  i n  R .P .E .1 accuracy 
sco res  between th e  h ig h  and lew  E .F .T . g roups and i n  R .P .E .o
accuracy sco res between the  two groups (p  < 0 .0 5 , o n e - ta ile d ,
f o r  bo th  accuracy s c o re s ).
When an average o f a l l  th re e  R. P .E .accuracy scores f o r  each 
s u b je c t was c a lc u la te d , th e  ra n d o m isa tio n  te s t  in d ic a te d  an 
o v e r a l l  s ig n i f ic a n t  d if fe re n c e  between th e  f a s t  and slow E .F .T , 
g roups such th a t  th e  f ie ld - in d e p e n d e n t s u b je c ts  showed g re a te r  
accuracy in  t h e i r  R .P.E. judgem ents.
The mean v a ria n c e s  in  h e a r t - r a te s  o f  each group were n o t
s ig n i f ic a n t ly  d i f f e r e n t  nor were the  mean R .P .E . va lu e s .
1 .5 .3  D is c u s s io n  o f Experim ent Two.
The re la t io n s h ip s  between E .F .T . and R .P .E .accuracy f o r  
th e  male s u b je c ts  fo l lo w s  th e  o r ig in a l  h y p o th e s is  th a t  the  more 
f ie ld - in d e p e n d e n t  an in d iv id u a l then  th e  more a ccu ra te  would be 
h is  p e rc e p tio n  o f p h y s ic a l e x e r t io n .  T h is  d if fe re n c e  in  
accuracy sco res  between the  two groups was n o t due to  
p h y s io lo g ic a l d if fe re n c e s  nor to  d if fe re n c e s  i n  th e  le v e l o f  th e  
s u b je c t iv e  r a t in g  o f  the  w ork load  s in ce  these measures were 
homogenous a c ro ss  th e  expe rim en ta l g roups.
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The fem ale  s u b je c ts , however, co n tin u ed  to  dem onstra te  no 
r e la t io n s h ip  between th e  two measures. T h is , to g e th e r w ith  th e  
f a c t  th a t  i t  re q u ire d  th e  p o la r is a t io n  o f  the  
f ie ld -d e p e n d e n t/ in d e p e n d e n t continuum  to  dem onstra te  a 
r e la t io n s h ip  in  th e  male s u b je c ts , in d ic a te s  th a t  w h i ls t  th e  two 
t e s t s  do show some o v e r la p , they  a re  by no means m easuring th e  
e xa c t same q u a l i t y  o f  body awareness.
1.6  O v e ra ll I n t e r - r e la t io n s  Of, Eodv: Awareness Measures,
The re la t io n s h ip s  between th e  v a r io u s  p e rce p tu a l te s ts  a re  
b e s t e x p la in e d  s e p a ra te ly  f o r  each sex; F ig u re s  1 .6 . i  and 1 .6 . Ü  
sunm arize th e  f in d in g s  frcm  both expe rim en ts .
Female




F ig u re  1 . 6 . i ;  "R e la t io n s h ip s  between p e rce p tu a l te s ts  f o r  
fem a le  s u b je c ts . "
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Male
▲ Field dep. I E.F.T.
P.S.
|R.P.E.acc. I  B.B.S.
fAge
F ig u re  1 .6 .1 1 ; "R e la t io n s h ip s  between pe rcep tua l te s ts  f o r  m ale 
s u b je c ts . "
As can be seen frcm  th e  d iagram s, the  v a r ia b le  age a ls o  
seems to  p lay  a c o n t r ib u t in g  r o le  In  the  v a r ia t io n  In  th e  d a ta , 
g e n e ra lly  be ing  a s s o c ia te d  w ith  an inc rease  In  f ie ld - d e pendenoe 
( th e  more so In  women) and w ith  a re d u c tio n  in  body b a r r ie r  
score ( th e  more so In  men). Thus as one g e ts  o ld e r  one’ s body 
concept s o p h is t ic a t io n  tends to  drop. C ons ide ring  th e  age range 
o f  the  s u b je c t p o p u la t io n  ( mean = 2 0 .4 ; s tn d .d e v . = 1.45 
ye a rs ) t h i s  I s  q u i te  an unexpected f in d in g .  For a la r g e r  age 
range I t  cou ld  be suggested th a t  as one g e ts  o ld e r  and 
p a r t ic ip a te s  In  le s s  p h y s ic a l a c t i v i t y  so one’ s body awareness 
I s  reduced a c c o rd in g ly  b u t over th e  sm all age range In  t h i s  
study t h is  seems an u n l ik e ly  e x p la n a tio n .
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1.7 Conclualon.
The la c k  o f s tro n g  re la t io n s h ip s  between th e  th re e  
p e rc e p tu a l te s ta  found In  th e  o r ig in a l  c o r r e la t io n  m a tr ix  was 
due p r ln o ip a l ly  to  th e  d if fe re n c e s  in  these  r e la t io n s h ip s  
e x h ib ite d  by th e  two sexes. Upon more d e ta i le d  a n a ly s is  o f th e  
d a ta  and a f u r t h e r  study to  c la r i f y  one o f th e  re la t io n s h ip s ,  I t  
was found  th a t  w h i ls t  men are  f a i r l y  c o n s is te n t  In  t h e i r  
perform ance a c ro ss  th e  v a r io u s  te s ts ,  women showed r e s u l t s  th a t  
c o n f l ic te d  w ith  th e  hypo thes ized  r e la t io n s h ip s  between them. 
These d if fe re n c e s  between the  p e rcep tua l a b i l i t i e s  o f  the  two 
sexes echo to  some e x te n t those found In  o th e r  te s t s  o f s p a t ia l 
and p e rc e p tu a l a b i l i t i e s  but do l i t t l e  to  th row  l i g h t  upon any 
causa l r e la t io n s h ip s .
D e s p ite  th e  p o s s ib le  c lo u d in g  o f  any p re c is e  re la t io n s h ip s  
between th e  v a r io u s  p e rcep tua l te s ts  due to  th e  In te ra c t io n s  o f  
sex on th e  d a ta , I t  I s  q u i te  apparent th a t  th e  o r ig in a l  
h y p o th e s is  co nce rn ing  an a ll-encom pass ing  s t y le  o f pe rcep tua l 
fu n c t io n in g  I s  n o t s t ro n g ly  borne o u t. On th e  o th e r  band, the  
th re e  p r in c ip a l  p e rc e p tu a l te s ts  a re  no t t o t a l l y  o rtho g on a l to  
each o th e r  e i t h e r .  Thus, each would appear to  be m easuring some 
aspect o r  a sp e c ts  o f  p e rce p tu a l fu n c t io n in g  w h ich  a re  s im i la r ly  
be ing  m easured, a t  le a s t  in  p a r t ,  by one o r more o f  th e  o th e r 
two t e s t s .  Any d if fe re n c e s  between th e  sexes in  th e  r e la t iv e  
Im portance  o f  even one these a spe c ts , w ith  re s p e c t to  an 
o v e r a l l  p e rc e p tu a l t e s t ,  would tend to  cause d if fe re n c e s  in  th e
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g en e ra l r e la t io n s h ip s  between such com posite pe rcep tua l 
a b i l i t i e s .  These d if fe re n c e s  would be to o  s u b tle  to  be d e te c ted  
c le a r ly  when u s in g  th e  "p a re n t"  te s t  b u t may be q u ite  marked 
shou ld  I t  be p o s s ib le  to  separa te  these v a r io u s  aspects  In to  
In d iv id u a l ;  m easurable p e rce p tu a l a b i l i t i e s .
D esp ite  th e  apparen t p la u s a b l l l t y  (n o t to  say "a p p e a l") 
th e re fo re ,  o f W itk in * s  co n ce p tio n  o f a s in g le  c o g n it iv e  and 
p e rc e p tu a l s t y le  g o ve rn in g  a l l  avenues o f  our behav iou r and 
w h ich  shou ld  t h e o r e t ic a l ly  be m easurable v ia  a number o f 
d i f f e r e n t  body-awareness measurement tech n iq ue s , I t  consequently  
may be more p r o f i t a b le  to  break down these  o v e r a l l  pe rcep tua l
s ty le s  I n to  more s p e c i f ic  p e rce p tu a l a b i l i t i e s  and ana lyse an
I n d iv id u a l 's  behav iou r In  term s o f a p e rce p tu a l a b i l i t y  p r o f i le  
r a th e r  than  In  term s o f a s in g le  p e rce p tu a l s t y le .  S ec tio n  two




I t  was contended in  th e  fo rew o rd  th a t  th e re  i s  no way in  
w h ich  m otor o u tp u t can be a p p ro p r ia te  to  re a l m otor needs i f  th e  
p e rc e p t io n  o f those  needs is  in c o r r e c t .  T h is  i s  s im p ly  because 
th e  p e rc e p tu a l a c t comes b e fo re  the  m otor a c t.  I f  th e  feedback 
frcm  th e  m otor a c t i s  a ls o  in c o r r e c t ly  p e rc e iv e d  th e n  th e  m otor 
o u tp u t w i l l  be doub ly  damned in  th a t  i t  can n o t be adequa te ly  
r e c t i f i e d .  I f  W i tk in 's  the o ry  o f  c o g n it iv e  (and consequen tly  
p e rc e p tu a l)  s t y le  i s  to  be accepted th e n  t h is  doub le  f a u l t  i s  to  
be expected s in ce  an i n a b i l i t y  to  p e rc e iv e  e x te rn a l s t im u l i  w ith  
c l a r i t y  w i l l  be n e c e s s a r ily  a sso c ia te d  w ith  an i n a b i l i t y  to  
p e rc e iv e  in te r n a l  s t im u l i ,  i . e .  p ro p r io c e p t iv e  feedback, w ith  
c l a r i t y .  What i s  more, th e  ensuing la c k  o f m otor c o n t ro l would 
be expected to  be appa ren t in  a l l  a spe c ts  o f m otor behav iou r 
because o f the  a l l- p e rv a s iv e  n a tu re  o f th e  p e rc e p tu a l 
in a c c u ra c y .
A more common term  f o r  the  in e f f ic ie n c y  o f  movement i s  
"c lu m s in e s s " and t h i s  v e ry  use o f a s in g le  word to  cover a w ide 
range o f in a p p ro p r ia te  m otor behav iou r has le d  t o  a l i n g u i s t i c  
u nd e rs ta n d in g  o f  th e  concept o f m otor i n a b i l i t y  as be ing  a 
u n ita ry  one. Upon deeper exam ina tion  o f  the  te rm 's  usage, 
however, i t  was found  th a t  even though people assune th a t  they 
a re  a l l  r e f e r r in g  to  th e  same q u a l i t ie s  o f  b eh a v io u r in  
a s s ig n in g  th e  a d je c t iv e  " c l im s y " ,  th e  c r i t e r i a  f o r  judgem ent can
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i n  fa c t  be q u i te  d i f f e r e n t .  Keogh e t  a l . (1979) asked th re e  
groups to  assess the  m otor e f f ic ie n c ie s  o f a nun he r o f school 
c h i ld re n .  The classrocm  tea ch e rs  ra te d  th e  c h ild re n  on a 
movement s k i l l  c h e c k l is t .  P h ys ica l E du ca tion  teachers  d id  th e  
same and th e  t h i r d  group, th e  e xp e rim e n te rs , examined th e  
c h i ld re n  on a nun be r  o f movement s k i l l  te s ts .  None o f th e  th re e  
g roups agreed on w h ich  c h ild re n  had movement problems le a d in g  
Keogh to  conc lude : "Lack o f agreement among id e n t i f i c a t io n
procedures in d ic a te s  th e  need to  use a m u lt ip le  measurement 
p rocess and dem onstra tes th e  d i f f i c u l t y  in  c h a ra c te r is in g  th e  
n a tu re  o f m ovm ent problem s. "
Gubbay (1975 ), approaching th e  s u b je c t o f  c h i ld r e n 's  m o tor 
beh a v io u r problem s frcm  a more c l i n i c a l  background, had found 
s im i la r  d i f f i c u l t i e s  w ith  the  usage o f th e  word "c lum sy", say ing  
th a t  "a b no rm a lly  c lu n s y " would be a more p re c is e  way o f d e f in in g  
those  c h i ld re n  w ith  m o v^e n t i n a b i l i t i e s  s ince  everybody cou ld  
be p laced on a m otor a b i l i t y  co n tin u u n  on w h ich  clumsy i s  but a 
r e la t iv e  te rm . Furtherm ore, he re g a rds  c lunsy  behaviour as 
u s u a lly  be ing  but a "m a n ife s ta t io n  o f a b roade r concept o f 
d y s fu n c t io n  a f fe c t in g  a l l  s k i l l s  th a t  have developed as a p a r t  
o f  th e  t o t a l  i n t e l l e c t "  and goes on to  say : "C lum siness co u ld
be regarded th e re fo re  as an a l l - i n c lu s iv e  end -p roduc t o f 
d i f f e r i n g  a e t io lo g ie s  im p ly in g  he te rogenous p a th o p h y s io lo g y ."  
D e sp ite  t h is  heterogenous p a th o p h y s io lo g y , Gubbay regards 
abnormal c lum siness as stemming p r in c ip a l ly  from a s in g le  cause, 
t h i s  be ing  m inor b ra in  damage caused by a no x ia  d u r in g  a tro u b le d
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d e l iv e r y  a t  b i r t h .  The p o in t  about m inor damage shou ld  be 
emphasized s in ce  o v e r t  p h y s ic a l damage to  b ra in  o r nervous 
t is s u e  i s  evidence o f a c l i n i c a l  c o n d it io n  and does n o t come 
under th e  u n b re lla  o f c lu m s in e ss . Gubbay, who adopted th e  term  
m in im a l c e re b ra l d y s fu n c t io n  (M .C .D .) as a g e n e ric  e xp re ss io n  
f o r  c lu n s in e s s , g iv e s  th e  fo l lo w in g  d e f in i t io n  o f a clumsy 
c h i ld :  " . . . o n e  who i s  m e n ta lly  norm al, w ith o u t b o d ily  d e fo rm ity
and whose p h y s ic a l s tre n g th ,  s e n s a tio n  and c o -o rd in a t io n  are  
v i r t u a l l y  normal by the  s tandards  o f ro u t in e  co n ve n tio n a l 
n e u ro lo g ic a l assesaaent, b u t whose a b i l i t y  t o  pe rfo rm  s k i l le d ,  
p u rp o s ive  movement i s  im p a ire d . T h is  typ e  o f c lum siness i s  
des ign a te d  by th e  n e u ro lo g ic a l term  'a p ra x ia * .  As p ra x is  and 
g n o s is  a re  so c lo s e ly  a l l ie d  and a re  in te rd e p e n d e n t in  th e  
perform ance o f s k i l le d  movement, a d e fe c t in  one w i l l  r e s u lt  in  
a d is tu rb a n c e  o f the  o th e r . "
The term s "a p ra x ia "  and "a g n o s ia " cover s l i g h t l y  d i f fe r e n t  
a spe c ts  o f p e rc e p tu a l-m o to r i n a b i l i t y .  Gubbay d e s c r ib e s  a p ra x ia  
as " th e  i n a b i l i t y  to  move a c e r ta in  p a r t  o f th e  body in  
accordance w ith  th e  proposed purpose, th e  m o t i l i t y  o f  the  p a r t  
be ing  o th e rw is e  p re s rv e d ,"  I t  shou ld  be emphasised th a t  a p ra x ic  
in d iv id u a ls  have p e r fe c t ly  sound m otor c o n t r o l ,  t h e i r  d i f f i c u l t y  
i s  in  d e c id in g  w h ich  movements a re  a p p lic a b le  to  th e  s i tu a t io n .  
Thus the  d e fe c t o f a p ra x ia  i s  n o t in  th e  o rg a n is a t io n  o f 
movement b u t in  th e  a b i l i t y  to  t r a n s la te  a p ro p o s it io n  in to  
movement (Denny-Brown, 1966 in  Gubbay, 1975). Agnosia  on the  
o th e r hand, i s  "an  i n a b i l i t y  t o  re co gn ise  th e  s ig n if ic a n c e  o f
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sensory s t im u l i "  ( E l l i s ,  1967). The c o n d it io n  o f agnos ia  i s  
c h a ra c te r is e d  by th e  lo s s  o f a b i l i t y  to  comprehend th e  meaning 
o r  re co g n ise  th e  im portance  o f v a r io u s  types  o f  s t im u la t io n  and 
i s  a c tu a l ly  a p e rc e p t iv e  d e fe c t (Gubbay, 1975). O the rs, 
reason in g  th a t  p e rc e p tio n  and th e  p la n  o f a c t io n  can n o t be 
r e a l i s t i c a l l y  se pa ra ted , used "a p ra c to g n o s ia " as a more 
in c lu s iv e  term  f o r  c lum siness (K e p h a rt, 1971).
D e sp ite  th e  g e n e ra l use o f th e  term  c lu n sy  im p ly in g  a 
g ene ra l s ta te  o f im p a ire d  p e rc e p tu a l-m o to r fu n c t io n in g ,  da ta  
conce rn in g  th e  symptcms o f c lum s iness  in d ic a te  ra th e r  th e  n a tu re  
o f i t s  s p e c i f i c i t y .  In  f a c t ,  clumsy c h ild re n  tend  to  shew an 
i n a b i l i t y  to  p e rfo rm  one p h y s ic a l a c t w h i ls t  dem on s tra ting  
norm al le v e ls  o f d e x te r i t y  f o r  a n o th e r. F u rthe rm ore , most 
cluQsy c h i ld re n  dem onstra te  normal o r above-average 
in te l l ig e n c e .  Both these p o in ts  echo Keogh e t  a l .  (1979) in  
th a t  they serve to  in d ic a te  th a t  th e re  i s  no s in g le ,  gene ra l 
p e rc e p tu a l-m o to r cum in t e l le c t u a l  c o g n it iv e  a b i l i t y  bu t r a th e r  
an a rra y  o f more s p e c ia lis e d  a b i l i t i e s ,  each be ing  concerned 
w ith  a s p e c i f ic  sphere o f o p e ra tio n s . S ince th e re  i s  no 
obse rva b le  damage to  nerve t is s u e ,  s u p p o s it io n  about th e  
lo c a t io n  o f d y s fu n c t io n  has g e n e ra lly  come from  o b s e rv a tio n s  o f  
more o b v io u s ly  b ra in  damaged p a t ie n ts  who e x h ib i t  s im i la r ,  i f  
more in te n s e , symptcms to  those  o f c lu m i^  peop le . In  a survey 
o f re le v a n t  m a te r ia l on v is u a l agnos ias , E t t in g e r  e t  a l .  (1957) 
conclude  th a t  th e  problem  la y  in  a r e s t r i c t io n  o f th e  f i e l d  o f 
v is u a l a t t e n t io n  ra th e r  than  o f v is u a l p e rc e p tio n  w ith  th e
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p r in c ip a l  damage s i t e  be ing  th e  r ig h t  o c c ip i to - p a r ie ta l  re g io n  
o f  th e  c o rte x . More re c e n t ly  o th e r  areas o f th e  c o rte x  have 
been a ssoc ia te d  w ith  agnosias s p e c i f ic  to  p a r t ic u la r  v is u a l 
s t im u l i  ( f o r  example, p rosopagnos ia , the  i n a b i l i t y  to  recogn ise  
fa c e s , has been found to  be a s s o c ia te d  w ith  damage to  c e r ta in  
p a r ts  o f the  o c c ip ito te m p o ra l lo b e s  (G il in s k y ,  1984). C e lls  
lo c a te d  in  s im i la r  v is u a l p r o je c t io n  areas have re c e n t ly  been 
found  th a t  a re  re c e p t iv e  s p e c i f i c a l l y  to  lim b  a r t ic u la t io n  and 
-m otion  in  p a r t ic u la r  o r ie n ta t io n s  ( P e r re t t  e t  a l . , 1985). I t  i s  
co nce iva b le  th a t  damage to  t h i s  a rea  o f the  c o rte x  cou ld  have a 
marked in f lu e n c e  on a personas p e rc e p tio n  o f the  re levance  o f 
body movement, bo th  o f a n o th e r in d iv id u a l and o f o n e s e lf.
The c l i n i c a l l y  based approach tends, th e re fo re , to  suppo rt 
th e  c o n te n tio n  th a t  p e rc e p tu a l-m o to r a b i l i t y  i s  m u lt i- fa c e te d  in  
th a t  the  causes a re , even in  th e  s im p le s t a n a ly s is , dua l ones 
(a p ra x ia  and agnos ia ) w ith  th e  more s p e c if ic  n a tu re  o f each o f 
these  be ing s u b je c t to  s p e c i f ic  p a th o lo g ic a l d e fe c ts .
The expe rim en ta l s tudy o f s k i l le d  perform ance has a ls o  
tended to  promote th e  id e a  th a t  p e rce p tu a l-m o to r tasks  re q u ire  
th e  c o r re c t co m b ina tio n  o f  a number o f more b a s ic  a b i l i t i e s ,  a 
d y s fu n c t io n  in  any o f w h ich  w ou ld  le a d  to  an i n a b i l i t y  to  
perfo rm  the  des ign a te d  ta s k . U n fo r tu n a te ly ,  most o f the  work 
conce rn in g  p e rc e p tu a l-m o to r perform ance in  a d u lts  has been 
h e a v ily  b iased  tow ard  th e  m o tor s k i l l  aspects  ra th e r  than  th e  
p e rc e p tu a l a b i l i t y  a spe c ts . W h ils t  the  two a re  undoubted ly 
re la te d ,  i t  i s  th e  p e rc e p tu a l a b i l i t i e s  th a t  a re  the  an teceden ts
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o f  the  m otor s k i l l s  and, as such, should be fo rem os t in  the  
a n a ly s is  o f  p e rc e p tu a l-m o to r  beh a v io u r. Much o f th e  m otor 
f la v o u r  o f p re v io u s  w ork can be a sc rib ed  to  th e  fa c t  th a t  th e  
o b je c t iv e  o f th e  re se a rch  was to  f in d  p r a c t ic a l answers to  
s p e c i f ic  p e rc e p tu a l-m o to r  problems and w h i ls t  a m o tor a n a ly s is  
does seem to  have been u s e fu l in  many cases t h is  p rocess i s  
somewhat a k in  t o  a d o c to r t r e a t in g  th e  symptcms o f an i l l n e s s  
w h i ls t  never u n d e rs ta n d in g  t h e i r  cause. Over a number o f ye a rs , 
F le ishm an (1966) conducted many p e rc e p tu a l-m o to r te s ts  f o r  th e  
U n ite d  S ta te s  A i r  Force w ith  the  emphasis be ing  on f in d in g  ta s k s  
th a t  w ould  a c t as good p re d ic to rs  o f fu tu re  p i l o t  success. Most 
o f  these ta s k s  were th u s  d i r e c t ly  re la te d  to  a c tu a l m otor ta s k s  
a p i l o t  w ou ld  have to  accom plish  w ith in  a c o c k p it  and were 
consequen tly  l im i t e d  in  t h e i r  range o f movement re q u ire m e n ts . 
D e s p ite , th e re fo re ,  lo o k in g  a t  what were undoubted ly  ta sks  
re q u ir in g  bo th  p e rc e p tu a l and m otor s k i l l s ,  F le ishm an ’ s a n a ly s is  
o f  such s k i l l s  tended to  be l im ite d  and b iased  tow ard  t h e i r  
m otor s im i la r i t y .
D u ring  th e  s ix t ie s  and e a r ly  se ve n tie s  a number o f te s t  
b a t te r ie s  were c re a te d  to  screen f o r  p e rc e p tu a l-m o to r problem s 
in  c h i ld re n  (B re n ne r & G illm a n , 1967; S to t t  from  W h it in g  e t  a l . ,  
1969; K ep h a rt, 1971; Gubbay, 1972; O rpe t, 1972; Arnheim & 
S in c la i r ,  1974; Keogh e t  a l . , 1979). The m a jo r ity  o f  these  were 
developed fo l lo w in g  P ia g e t ’ s th e o r ie s  conce rn ing  th e  
deve lopm enta l s ta g e s  o f p e rce p tu a l and c o g n it iv e  fu n c t io n in g .
Page 67
The reasons f o r  the  in te n s e  in te r e s t  in  th e  c o r re c t io n  o f 
movement d is o rd e rs  in  c h ild re n  a re  p r in c ip a l ly  tw o - fo ld .  The 
f i r s t  i s  th e  supposed n e u ro lo g ic a l m a le a b i l i t y  o f young c h i ld re n  
compared to  th a t  o f  a d u lts .  I f  damage to  a p a r t ic u la r  area o f 
th e  b ra in  r e s u l t s  i n  the  lo s s  o f p o te n t ia l p e rce p tu a l o r m otor 
pathways th e n  i t  was though t th a t  p a r t ic u la r  fo rm s o f  t r a in in g  
w i l l  promote th e  fo rm a tio n  o f a l te r n a t iv e  pathways v ia  undamaged 
a reas o f th e  b ra in .  The sooner such s t im u la t io n  i s  begun then  
th e  more l ik e l ih o o d  th e re  i s  o f success s ince  the  b ra in ’ s 
p re fe r re d  pathways w i l l  n o t have become s ta b i l iz e d .  The ages o f  
3 to  6 ye a rs  o ld  a re  perhaps the  main y e a rs  f o r  c o r re c t iv e  
the rapy  s in ce  b e fo re  t h is  i t  i s  d i f f i c u l t  to  d e te c t th e  
r e la t i v e l y  s l ig h t  p e rc e p tu a l-m o to r d e fe c ts  due to  M.C.D. and 
a f t e r  t h i s  th e  neuronal s t a b i l i t y  re n de rs  any c o r re c t iv e  the rapy  
th a t  much more d i f f i c u l t  (Gubbay, 1975). The second reason i s  
th e  supposed im portance o f movement a b i l i t y  in  c h ild re n  w ith  
re sp e c t to  t h e i r  peer group s o c ia b i l i t y .  Though c o n c lu s ive  
evidence has y e t  to  be found, p h y s ic a l a th le t ic is m  i s  g e n e ra lly  
seen as be ing  im p o rta n t in  the  d e te rm in a tio n  o f  th e  regard  th a t  
boys have f o r  each o th e r ,  though n o t n e c e s s a r ily  f o r  g i r l s .  The 
s e lf-e s te e m  consequent upon such a th le t ic is m  and i t s  a ssoc ia te d  
peer a pp rova l i s  s im i la r ly  regarded as be ing  an im p o rta n t 
in f lu e n c e  upon the  subsequent in te g r a t io n  and s o c ia l is a t io n  o f 
th e  c h i ld  (Kagan & Moss, 1962; C ra tty ,  1967; D ib ia s e  & H je l le ,  
1968; W h it in g , 1973; H a r r is ,  1973).
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D e sp ite  th e  in te n s e  in te r e s t  in  th e  d e te c to n  and tre a tm e n t 
o f  p e rc e p tu a l-m o to r d is o rd e rs  in  c h ild re n ,  a s im i la r  regard  f o r  
th e  c lunsy  a d u lt  does no t appear to  e x is t .  T h is  cou ld  be 
because a d u lts  have been regarded  as be ing  "u n tre a ta b le "  f o r  
t h i s  c o n d it io n  o r ,  more l i k e l y ,  because th e  problem was no t seen 
as be ing  s u f f i c i e n t ly  s e r io u s  to  deserve a t te n t io n ;  t h i s  p o in t  
i s  d iscussed  a t  g re a te r  le n g th  in  S e c tio n  2 ,4 .8 .1 .  Whatever th e  
reasons f o r  t h is  dea rth  o f in t e r e s t ,  te s t  b a t te r ie s  f o r  a normal 
a d u lt  p o p u la t io n , s im i la r  to  those  f o r  c h i ld re n ,  have no t been 
d e v ise d . The requ irem en ts  f o r  th e  c h i ld  te s ts  were a l l  f a r  to o  
s im p le  to  be u s e fu l as to o ls  in  d is c e rn in g  th e  p e rce p tu a l-m o to r 
range o f a d u lts  (e .g .  hopping th re e  tim e s  on one f o o t ) .  
F u rthe rm ore , a l l  the  c h i ld  te s t s  were geared tow ards d e te c tin g  
th e  lew  a c h ie v e r ra th e r  than  m easuring b o th  ends o f the  a b i l i t y  
continuum . Since the  purpose o f t h is  s e r ie s  o f s tu d ie s  was to  
examine p e rc e p tu a l s ty le  and p e rc e p tu a l-m o to r a b i l i t i e s ,  i t  was 
necessary to  have a range o f te s ts  th a t  were a b le  to  q u a n t ify  
a l l  type s  o f s ty le  o r le v e ls  o f a b i l i t y .
In  th e  absence o f a cohe ren t s e r ie s  o f p e rce p tu a l-m o to r 
te s t s  f o r  "n o rm a l" a d u lts ,  i t  was decided th a t  such a b a tte ry  
w ou ld  need to  be c re a te d . In  o rd e r to  w ork w i t h in  some form  o f  
v a l id a te d  fram ework, recourse  was i n i t i a l l y  made to  the  
c h i ld r e n ’ s te s t  b a t te r ie s  re fe r re d  to  above.
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In  a d d it io n  to  th e  p e rc e p tu a l-m o to r a b i l i t y  t e s t  b a t te ry ,  
i t  was f e l t  th a t  a q u e s t io n n a ire  conce rn ing  a p e rson ’ s a t t i t u d e s  
tow ards and p a r t ic ip a t io n  in  s p o r t  o r s im i la r ly  a c t iv e  p u rs u its  
may p ro v id e  a d d it io n a l in fo rm a tio n  w ith  re sp e c t to  th e  n a tu re  o f 
these a b i l i t i e s .  I t  was hypo the s ize d  th a t ,  g e n e ra lly ,  those 
people ta k in g  p a r t  in  more a c t iv e  and more s k i l l f u l  p u rs u its  
would sco re  more h ig h ly  on th e  p e rc e p tu a l-m o to r a b i l i t y  fa c to r s .  
S im i la r ly ,  i t  was f e l t  th a t  those  people in d ic a t in g  a more 
p o s i t iv e  a t t i t u d e  tow ard p h y s ic a l a c t i v i t y  would a ls o  tend to  
score  more h ig h ly  on th e  a b i l i t y  fa c to rs .
To summarize so f a r ;  th e  b a s is  o f t h is  second s e c t io n  was 
to  dev ise  and a d m in is te r  a number o f p e rce p tu a l and 
p e rc e p tu a l-m o to r te s ts  and to  a na lyse  th e  r e s u l t in g  
r e la t io n s h ip s  between them in  o rd e r to  a r r iv e  a t  a s e t o f  more 
o r le s s  fundam enta l areas o f p e rc e p tu a l and m otor fu n c t io n in g .
I t  was hoped th a t  th e  n a tu re  o f these fa c e ts  and t h e i r  
in t e r - r e la t io n s ,  i f  any, m igh t a llo w  a more in fo rm e d  d is s e c t io n  
o f  p e rce p tu a l s t y le .
B e fo re  p roceed ing , hew e v e r, i t  would be as w e l l  to  d iscu ss  
th e  n a tu re  o f th e  a n a ly s is  to  be perform ed s ince  in t e r p r e ta t io n  
o f  the  da ta  i s  dependent on an unde rs tand ing  o f  th e  assum ptions 
upon w hich  th e  a n a ly s is  i s  based. F a c to r a n a ly s is  was 
cons ide red  th e  a p p ro p r ia te  tech n iq ue  f o r  e l i c i t i n g  th e  
p e rc e p tu a l-m o to r a b i l i t i e s  u n d e r ly in g  th e  v a r io u s  movement 
s k i l l s  be ing  te s te d .  T h is  i s  a s t a t i s t i c a l  p rocedu re  in  w h ich  
a l l  the  t e s t  measurements a re  c o r re la te d  a g a in s t each o th e r.
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The r e la t iv e  s tre n g th s  o f these in te r a c t io n s  a re  the n  used as a 
b a s is  f o r  g ro u p in g  th e  te s ts  in t o  s e ts  o r fa c to r s  o f 
fu n c t io n a l ly  re la te d  te s ts  ( C a t t e l l ,  1977). Thus each te s t  in  
any s in g le  fa c to r  would be te s t in g  a s im i la r  p e rc e p tu a l-m o to r 
a b i l i t y  as every o th e r te s t  w i th in  th a t  f a c to r .  A c o n s id e ra t io n  
o f  th e  use made o f th e  fa c to r  a n a ly s is  tech n iq ue  in  gen e ra l and, 
more p a r t i c u la r ly ,  o f  the  use made o f i t  in  t h i s  p a r t  o f the  
s tudy would consequen tly  be a p p ro p r ia te .
There a re  se ve ra l form s o f f a c to r  a n a ly s is  though they can 
a l l  e s s e n t ia l ly  be reduced to  one o f two typ e s . Even here  the  
d if fe re n c e s  a re  p r im a r i ly  in  th e  th e o re t ic a l assum ptions 
u n d e r ly in g  them. These d if fe re n c e s  stem from  th e  purpose beh ind 
u s in g  fa c to r  a n a ly s is  on th e  da ta  s e t.  I t  can be used s im p ly  as 
a to o l to  reduce la rg e  amounts o f da ta  in to  more e a s i ly  
manageable amounts, re g a rd le s s  o f th e  meaning o f  th e  d e rive d  
fa c to r s ;  i t  can be used as a techn ique  f o r  c o n firm in g  
th e o r e t ic a l ly  based hypotheses concern ing  the  s t ru c tu re  o f 
r e la t io n s h ip s  between v a r ia b le s  o r i t  can be used as an i n i t i a l ,  
e x p lo ra to ry  tech n iq ue  f o r  in v e s t ig a t in g  th e  p o s s ib le  s t ru c tu re  
o f  r e la t io n s h ip s  between v a r ia b le s .  The l a t t e r  two uses a re  b u t 
two s id e s  o f th e  same c o in  and d i f f e r  no t in  th e  a n a ly t ic a l 
te ch n iq ue  bu t in  th e  e xp e rim e n te r’ s use o f th e  f a c to r  p a t te rn  
a fte rw a rd s .
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I t  i s  th e  b a s ic  te n e t  o f a l l  fa c to r  a n a ly s is  tech n iq u e s  
t h a t  the  t o t a l  v a ria n c e  in  th e  scores o f any v a r ia b le  i s  equal 
to  the  sun o f the  common v a r ia n c e  ( t h a t  va ria n c e  shared w ith  one 
o r more o th e r v a r ia b le s ) ,  th e  unique va ria n ce  ( th a t  v a r ia n c e  due 
e n t i r e ly  to  th e  un ique p ro p e r t ie s  o f th a t  v a r ia b le )  and th e  
e r r o r  v a ria n c e  (v a r ia n c e  due to  th e  p o s s ib le  e r ro rs  in  
m easurem ent). The t o t a l  v a ria n c e  i s  regarded as be ing  equa l to  
one. For the  purposes o f s im p le  da ta  re d u c t io n , however, th e  
assum ption  i s  made th a t  each te s t  o r v a r ia b le  i s  e n t i r e ly  
m im icked by some co m b in a tio n  o f a l l  th e  o th e r te s ts  used i n  th e  
s tudy  thus th e  unique and e r r o r  v a r ia n c e s  a re  regarded as be ing  
z e ro  and th e  common v a r ia n c e  accoun ts  f o r  a l l  th e  v a r ia t io n  in  
th e  data  conce rn ing  th a t  v a r ia b le .  T h is  common v a r ia n c e , term ed 
th e  com m unality, i s  a ls o  equal to  th e  sum o f th e  squares o f  th e  
lo a d in g s  o f th e  fa c to r s  on th a t  v a r ia b le .  In  o th e r w ords, th e  
t o t a l  v a r ia t io n  in  th e  sco res  o f  a v a r ia b le  i s  spread th ro u g h o u t 
th e  fa c to rs .  F u rthe rm ore , th e  exact amount o f v a r ia t io n  in  th e  
da ta  as a whole accounted f o r  by each fa c to r  can be c a lc u la te d ;  
e x a c t, th a t  i s ,  i f  one accep ts  th e  i n i t i a l  assum ption co nce rn in g  
th e  n on -e x is te nce  o f  unique o r e r ro r  v a r ia n c e . F a c to r 
a n a ly t ic a l te ch n iq u e s  w o rk in g  on such assum ptions a re  termed 
p r in c ip a l  component a n a lyse s .
For h y p o th e s is  te s t in g  o r f o r  a n a ly s is  o f an e x p lo ra to ry  
n a tu re  a l l  th re e  ty p e s  o f  v a r ia n c e  a re  assumed to  e x is t .  T h is  
means th a t  th e  common v a r ia n c e  o f a v a r ia b le  must be le s s  th a n  
one. The a c tu a l va lu e  o f th e  communal i t y  has t o  be e s tim a te d
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(u s u a lly  by ta k in g  th e  square o f th e  m u lt ip le  c o r r e la t io n  th a t  
th a t  v a r ia b le  has w ith  th e  r e s t  o f th e  v a r ia b le s  in  th e  
c o r r e la t io n  m a tr ix )  and th e n  re f in e d  through  success ive  
c a lc u la t io n  from  th e  lo a d in g s  on each fa c to r .  S ince o n ly  an 
es tim a ted  p ro p o r t io n  o f  a v a r ia b le ’ s t o t a l  va ria n c e  i s  spread 
amongst th e  fa c to r s ,  an e xac t p r e d ic t io n  o f a v a r ia b le  cannot be 
made from  i t s  fa c to r  sco res . T h is  f a c t  i s  n o t p a r t ic u la r ly  
im p o rta n t in  e i th e r  o f th e  l a t t e r  two reasons f o r  u s in g  f a c to r  
a n a ly s is  s ince  a l l  th a t  i s  r e a l l y  re q u ire d  i s  to  know which 
v a r ia b le s  a re  grouped to g e th e r ,  hew many fa c to r s  th e re  a re  and 
t h e i r  r e la t iv e  im portance  to  each o th e r.
The assum ption  th a t  n e ith e r  unique nor e r ro r  v a ria n c e  i s  
a sso c ia te d  w ith  any o f th e  v a r ia b le s  i s  t o t a l l y  u n r e a l is t ic ;  i t  
i s  s im p ly  a m a th e m a tic ia n ’ s method f o r  t r e a t in g  th e  data and has 
l i t t l e  re levance  to  th e  r e a l w o r ld .  C onsequently, d e s p ite  th e  
fa c t  th a t  t h is  p r in c ip le  component method i s  ve ry  commonly used, 
i t  was decided to  adopt th e  second approach.
A f te r  the  i n i t i a l  f a c to r in g ,  th e  next stage in  the  a n a ly s is  
i s  the  r o ta t io n  o f th e  axes o f  th e  fa c to r s  to  m in im ise  the  
sp read ing  o f  a v a r ia b le ’ s lo a d in g s  a c ro ss  the  fa c to r s .  A gain , 
th e re  a re  two p r in c ip a l  fo rm s o f r o ta t io n ,  each w ith  t h e i r  
in h e re n t assum ptions; t h ^  a re  o rth o g o n a l and o b liq u e  r o ta t io n s .  
I f  one b e lie v e s  one ’ s fa c to r s  t o  be t o t a l l y  independent o f each 
o th e r, th a t  i s ,  th e re  i s  no c o r r e la t io n  between fa c to r s ,  then  
one (diooses an o rth o g o n a l r o t a t io n  w h ich  m a in ta in s  th e  r o ta t in g  
fa c to r  axes a t  90* t o  each o th e r .  T h is  o p t io n  i s  p robab ly  th e
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b e s t i f  one i s  m e re ly  t r y in g  to  reduce o r s im p l i fy  th e  d a ta ; i t  
le a ve s  th e  fa c to r s  more e a s i ly  co nce p tu a lize d  and, aga in , i s  th e  
most common type  o f r o ta t io n  used. I f  one has reason  to  suspect 
th a t  th e re  may be some r e la t io n s h ip  between two o r more fa c to rs  
(w h ich  w ou ld  g en e ra te  h ig h e r o rd e r fa c to r s  i f  sough t) the n  an 
o b liq u e  r o t a t io n  i s  used in  w h ich  th e  fa c to r  axes a re  a llow ed  to  
ro ta te  f r e e ly  w ith  v i r t u a l l y  no a ngu la r r e s t r a in t s .  Since i t  
was f e l t  t h a t  th e re  was no good reason f o r  assun ing  th a t  the  
fa c to r s  d is c e rn e d  from  th e  da ta  would be independen t, an o b liq u e  
r o ta t io n  was used. In  th e  S t a t is t ic a l  Package f o r  th e  S o c ia l 
S ciences program (SPSS-X, I 986) th rough  w h ich  th e  d a ta  were 
ana lysed , one i s  a b le  to  c o n tro l ju s t  how o b liq u e  th e  f in a l  
s o lu t io n  i s  a llo w e d  to  be. In  fa c t ,  th re e  sepa ra te  ana lyses 
were o r ig in a l l y  perform ed on the  da ta , each a llo w in g  a d i f fe r e n t  
minimum a ng le  between the  axes. Each s o lu t io n  was the n  examined 
to  de te rm ine  w h ich  r o ta t io n  b es t f i t t e d  th e  da ta  and best 
m in im ised  th e  c ro s s -p ro d u c ts  o f the  fa c to r  lo a d in g s  ( i . e .  
produced h ig h  lo a d in g s  on one o r two fa c to rs  and lew  lo a d in g s  on 
th e  r e s t ) .  I t  shou ld  be noted th a t  what i s  be ing  c o n tro lle d  i s  
th e  minimum a n g le  a llo w e d  between fa c to r  axes. C onsequently, i f  
th e  fa c to r s  r e a l l y  a re  independent o f each o th e r ,  an o b liq u e  
r o ta t io n  w i l l  s t i l l  a llo w  them to  be o rtho g on a l whereas an 
o rth o g o n a l r o ta t io n  w ou ld  fo rc e  re la te d  fa c to r s  a p a r t ;  i . e .  i t  
w ou ld  produce a fa ls e  s o lu t io n .  Another consequence o f us ing  an 
o rth o g o n a l r o t a t io n  i s  th a t  th e  fa c to r  lo a d in g s  shewn in  th e  
fa c to r  p a t te rn  m a t r ix  a re  id e n t ic a l  to  th e  c o r r e la t io n  
c o e f f ic ie n ts  between each v a r ia b le  and each fa c to r  ( i . e .  the
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fa c to r  s t r u c tu r e  m a t r ix ) .  T h is  a llo w s  a ra th e r  s im p le r te s t  f o r  
th e  s ig n if ic a n c e  o f th e  lo a d in g  th a n  in  an o b liq u e ly  ro ta te d  
fa c to r  p a t te rn  m a tr ix  f o r  w h ich  th e  c o r r e la t io n s  between fa c to r s  
have to  be take n  in t o  accoun t. As a r e s u l t ,  h ig h e r lo a d in g s  in  
an o b l iq u e ly  ro ta te d  fa c to r  p a t te rn  m a t r ix  ten d  to  be re q u ire d  
t o  ach ieve  s ig n if ic a n c e  than in  an o r th o g o n a lly  ro ta te d  
s o lu t io n .
I t  can be deduced from th e  above argum ents th a t  use o f th e  
fa c to r  a n a ly s is  techn ique  was be ing  made f o r  i t s  e x p lo ra to ry  
c a p a b i l i t ie s  and th e  on ly  c r i t e r io n  one has in  such e x p la n a tio n s  
i s  common sense; i . e .  one has f i n a l l y  to  decide  through 
e xa m in a tio n  o f  the  da ta  w hether o r n o t th e  fa c to r  s o lu t io n  was 
a p p ro p r ia te .  T h is  does seem, a t  f i r s t ,  somewhat in a ccu ra te  and 
has g iv e n  r is e  to  mudi d is t r u s t  o f fa c to r  a n a ly s is  as a research  
t o d .  Much o f t h is  c r i t ic is m  would  perhaps be more u s e fu lly  
le v e l le d  n o t a t  the  fa c to r  a n a ly s is  tech n iq u e  but a t  the  
re s e a rc h e rs  who have used i t  w ith  r e la t i v e ly  l i t t l e  
und e rs tan d in g  o f  what they a re  d o in g . To assume ze ro  unique and 
e r r o r  v a r ia n c e s  in  t h e i r  data and th e n  to  com pla in  o f 
u n r e a l is t ic  f a c to r  (component) e x t r a c t io n  i s  u n ju s t i f ie d .  I f  
one uses i t  as a techn ique  f o r  s im p ly  g ro u p in g  to g e th e r 
v a r ia b le s  th a t  share  seme ccmmon v a r ia n c e , however, then the  
p o te n t ia l  a m b ig u ity  i s  to  be expected . Such use o f the  
tech n iq ue  a ls o  a llo w s  f o r  f u r t h e r  m a n ip u la t io n  o f the  fa c to rs  
s in ce  th e  o r ig in a l  purpose (o f  e x p lo r in g  th e  n a tu re  o f the  
re la t io n s h ip s  between v a r ia b le s )  i s  s t i l l  be ing  m a in ta in e d .
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2 .2  Method.
2 .2 .1  Development o f th e  a d u lt  t e s t  b a t te ry .
The a c tu a l te s t  ite m s  used in  th e  c h i ld re n ’ s t e s t  
b a t te r ie s ,  b e ing  based upon P ia g e t 's  developm ental th e o r ie s  o r  
a d a p ta t io n s  o f them and e m p ir ic a l ly  d e r iv e d  th rough  a t r i a l  and 
e r r o r  p rocess, were u n s u ita b le  f o r  normal a d u lts .  Each o f these  
b a t te r ie s ,  hew e ve r, was s u b je c t iv e ly  analysed in  te rm s o f th e  
u n d e r ly in g  a reas o f  p e rc e p tu a l-m o to r a b i l i t y  th a t  i t s  a u th o r was 
a tte m p tin g  to  i l lu m in a te .  Having o b ta in e d  v a r io u s  c a te g o r ie s  
f o r  each te s t  b a t te ry  they were compared. The a reas w h ich  
seemed common to  th e  m a jo r ity  were used as a s ta r t in g  p o in t  f o r  
th e  a d u lt  b a t te ry .
These w ere :
1. S ta t ic  Balance
2 . Dynamic Balance
3 . P ostu re
4 . Rhythm
5 . Motor D e x te r ity
6 . V is u a l-m o to r C o -o rd in a tio n
7 . Body Awareness
F o llo w in g  th e  e x t r a c t io n  o f  these common areas o f  
p e rc e p tu a l-m o to r fu n c t io n in g ,  i t  was necessary to  c re a te  a 
v a r ie ty  o f  te s ts  w i t h in  each ca te g o ry , s u ita b le  f o r  normal a d u lt  
a b i l i t i e s  and o f  s u f f ic ie n t  d iv e r s i t y  to  a llo w  a w ide  range o f 
fa c to r s  t o  be e x tra c te d  shou ld  they  e x is t .
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The te s ts  used came from a nm ber o f sources. Some were 
s tandard  p s y c h o lo g ic a l te s ts ,  some came from  d a n c e /m a rtia l a r t s  
e x e rc is e s  and o th e rs  were made up s p e c i f ic a l ly  f o r  th e  p r o je c t .  
The te s ts  were as fo l lo w s ;
[ For f u l l  te s t  d e ta i ls  see appendix B . ]
1. S ta t ic  B a lance :
a number o f  te s ts  re q u ir in g  s tan d in g  w ith o u t  w o b b lin g  
on one o r bo th  fe e t ,  w ith  eyes open and c lo s e d .
2 . Dynamic B a lance :
s im i la r  to  above bu t w h i ls t  w a lk in g  a long  a narrow 
beam;
w a lk in g  in  a s t r a ig h t  l in e  f o r  te n  ya rd s  w ith  eyes 
c losed  a f t e r  an i n i t i a l  d is - o r ie n tâ t ! on : th e  
measure was th e  d e v ia t io n  from the  s t r a ig h t  l i n e .
3 . P os tu re : see appendix B.
4 . Rhythm:
a fo u r -b e a t  c la p p in g  ta s k  g ive n  a s im p le , 
num erica l p a t te rn  to  fo l lo w ;
s k ip p in g  ta s k s , m a in ta in in g  th e  rhythm  imposed by a 
metronome.
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5. M otor D e x te r i ty :
a f in g e r  ’ drumming’ ta s k  f o r  f in e -m o to r  c o n t r o l ;  
p u t t in g  shaped b lo cks  in t o  shaped h o le s  w h i ls t  
b l in d fo ld e d ;
a g ro ss -m o to r ta s k  in v o lv in g  lo co m o tio n  
fo l lo w in g  a s im p le , dem onstra ted p a tte rn .
6 . V is u a l-m o to r C o -o rd in a tio n :
a ’ s te a d in e s s ’ c i r c u i t  c o n s is t in g  o f  passing  a sm a ll 
d iam ete r w ire  lo o p  a long  a second, convo lu ted  w ire  
w ith o u t to u c h in g  i t  : c o n ta c t completed an e le c ­
t r i c a l  c i r c u i t  o p e ra tin g  a d ig i t a l  t im e r thu s  
p ro v id in g  a re co rd  o f  the  t o t a l  tim e  in  co n ta c t as 
th e  te s t  measure;
a r o ta r y - p u r s u i t  ta s k  in  w h ich  a l ig h t - s e n s i t iv e  rod 
is  used to  fo l lc w  a l i g h t  t r a v e l l in g  in  a s ta r-shaped  
p a t te rn  : a ga in , tim e  in  c o n ta c t w ith  th e  l i ^ t  
was th e  te s t  measurement;
a g ro ss -m o to r ta s k  re q u ir in g  ru n n in g , jum ping and 
hopp ing frcm  one p o in t  to  a n o th e r marked ou t on the  
ground.
7 . Body P e rc e p tio n :
t h i s  c o n s is te d  o f  two te s t s  s im i la r  to  those o f 
Stone (1968) in  w h ich  a p ic tu r e  o f a p a r t ic u la r  body
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p o s tu re  was shewn to  th e  s u b je c t who had th e n  e i th e r  
to  id e n t i f y  th a t  p o s tu re  frcm  a se t o f fo u r  ch o ice s  
o r ,  i n  th e  second t e s t ,  had to  im ita te  th a t  p o s tu re  
e x a c t ly ;  these  te s ts  were d i f f r e n t  from  S tone ’ s in  
th a t  she used s t io k - f ig u r e  draw ings w h i ls t  
in  t h i s  s tudy pho tog raphs o f a re a l person were used.
The p la c in g  o f each t e s t  in t o  a p a r t ic u la r  c a te g o ry , w h i ls t  
no t a r b i t r a r y ,  was n o t n e c e s s a r ily  e xac t. There was a nunber o f 
te s ts  f o r  in s ta n c e  th a t  in c lu d e d  some degree o f d e c is io n  m aking ; 
these cou ld  co nse q ue n tly  have been grouped to g e th e r  in  a 
ca tegory o f  t h e i r  own. S im i la r ly ,  o th e r s e ts  o f  t e s t s  cou ld  
have been used to  fo rm  d i f f e r e n t  o r more c a te g o r ie s . The use o f 
the  s ix  c a te g o r ie s  e x tra c te d  frcm  the  c h ild -c lu m s in e s s  te s t  
b a t te r ie s  served p r in c ip a l ly  as an i n i t i a l  s t r u c tu r e  w ith in  
w hich to  w ork and n o t as a r i g id ,  d e f in i t iv e  c a te g o r is a t io n  t h a t  
cou ld  n o t be changed. The c re a t io n  o f such a s t ru c tu re  was l e f t  
to  the  s t a t i s t i c a l  t re a tm e n t.
The th re e  g ro ss  p e rc e p tu a l te s ts  from  study one were a ls o  
u t i l i z e d  i n  o rd e r to  s tudy  t h e i r  component p a r ts  as suggested i n  
th e  c o n c lu s io n  above (S e c tio n  1 .7 ) .  The B .B . S ./P .S . t e s t ,  
however, was changed to  a " s e l f "  ve rsus " n o n - s e lf "  awareness 
te s t .  T h is  was used in s te a d  s in ce  i t  took  much le s s  tim e  f o r  
the  s u b je c t t o  com plete  y e t  c o r re la te d  h ig h ly  w ith  th e  fo rm e r 
p ro je c t io n  tech n iq u e  (F is h e r  & C leve land , 1968). A no ther
Page 79
ca tego ry  o f p e rc e p tu a l-m o to r fu n c t io n in g  o f te n  used in  a d u lts  i s  
t h a t  o f re a c t io n - t im e .  A c c o rd in g ly , a number o f re a c t io n - t im e  
measurements to  bo th  v is u a l and a u d ito ry  cues were u t i l i z e d .
As in  s tudy one, th e  p h y s ic a l param eters o f h e ig h t ,  w e ig h t, 
age and sex were noted and th e  pondéra l in d e x  was c a lc u la te d .
Most o f  th e  gymnasium te s ts  were re co rd ed  o n to  v id e o  tape 
s in ce  in s ta n ta n e o u s  a n a ly s is  was o f te n  im p o s s ib le . The 
s to p -fra m e  f a c i l i t i e s  th a t  t h is  p ro v ide d  were e s s e n t ia l in  some 
o f the  te s ts  such as th e  assessment o f accuracy in  th e  
g ro ss -m o to r ta s k  o f ca tegory  f iv e .  Many o f th e  te s ts  were 
measured a long  more than  one d im ension ; f o r  example, the  
s k ip p in g  te s t s  were assessed f o r  adherence to  th e  imposed rhythm  
and the  number o f stoppages. Consequently th e re  were many more 
measures th a n  th e re  were in d iv id u a l te s ts .  The main purpose 
behind t h is  was due to  th e  e x p lo ra to ry  n a tu re  o f th e  study 
(abou t w h ich  more w i l l  be d iscussed in  a la t e r  s e c tio n )  which 
was in ten d ed  to  lo o k  a t  a d ive rse  s e t o f  p o te n t ia l ly  re le v a n t 
measurements o f  p e rc e p tu a l-m o to r fu n c t io n in g .  That many 
measurements were l a t e r  d isca rded  does n o t d e tra c t  frcm  t h e i r  
be ing  made in  th e  f i r s t  p lace .
The o rd e r in g  o f  the  te s t  sess ions  v a r ie d  a cco rd in g  to  th e  
a v a i la b i l i t y  o f  the  s u b je c t and th e  t im e - ta b l in g  o f the  
gymnasiian th u s , w h i ls t  no t s t r i c t l y  random ised, th e re  was no 
c o n s is te n t o rd e r in g  o f  th e  sess ions . F u l l  d e t a i ls  o f  each te s t  
a re  g iv e n  in  append ix A a long  w ith  any a d m in is t r a t iv e  problem s
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encounte red .
2 .2 .2  Data A n a ly s is .
A n a ly s is  o f  the  re s u lta n t  t e s t  b a t te ry  was perform ed us in g  
b o th  fa c to r  ana lyses  and p a r t ia l  c o r r e la t io n  tech n iq ue s . The 
f a c to r  a n a ly s is  was conducted u s in g  th e  "F a c to r "  program frcm  
th e  S t a t is t i c a l  Package f o r  th e  S o c ia l S c iences (SPSS-X, 1986). 
The PA2 a n a ly s is  was used w h ich  p u ts  communal i t y  e s tim a te s  in  
th e  d ia go n a l o f  the  c o r r e la t io n  m a tr ix  and uses successive  
i t e r a t i o n  to  m od ify  these  i n i t i a l  e s tim a te s . An o b liq u e  
r o t a t io n  was used ( "O b lim in " )  w ith  d e l ta  a t  th e  d e fa u lt  va lu e  o f 
0 . The a d d it io n a l use o f p a r t ia l  c o r r e la t io n  to  "check" th e  
r e s u l ta n t  fa c to r s  i s  d iscussed be low .
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2 .2 .3  A t t itu d e -P re fe re n c e  Q u e s tio n n a ire  (A .P .Q .)
A l l  s u b je c ts  were asked t o  com plete a s h o r t 
a c t iv i t y - p r e fe r e n c e  q u e s t io n n a ire .  T h is  c o n s is te d  o f  ju s t  fo u r  
q u e s tio n s . The f i r s t  asked f o r  the  s u b je c t ’ s fa v o u r i te  pastim e  ; 
th e  second f o r  t h e i r  fa v o u r i t e  a c t i v i t y ;  th e  t h i r d  f o r  t h e i r  
a t t i t u d e  tow ard  p h y s ic a l a c t i v i t y  and th e  fo u r th  asked w he the r 
the y  regarded them se lves as clumsy o r  n o t.
Q1) The fa v o u r i te  pastim e was c la s s i f ie d  as e i th e r  " a c t iv e "  o r  
"p a s s iv e "  and ass igned  a v a lu e  1 o r 0 a c c o rd in g ly .  
C la s s i f ic a t io n ,  though g e n e ra lly  s t r a ig h t  fo rw a rd , was based on 
th e  c la s s i f ic a t io n  by D u rn in  & Passmore (1967) o f a c t i v i t i e s  
in t o  seden ta ry , l i g h t ,  m oderate o r heavy w ork. Sedentary 
pastim es made up th e  pass ive  ca tego ry  w h i ls t  l i g h t ,  moderate and 
heavy pastim es made up th e  a c t iv e .  Thus, a pastim e su d i as 
p la y in g  chess w ou ld  be c la sse d  as pass ive  a long  w ith  d r in k in g  o r  
m ee ting  f r ie n d s .  Most s p o r ts ,  however, and pastim es such as 
h i l l  w a lk in g  Would be c la sse d  as a c t iv e ,
Q2) The fa v o u r i te  a c t i v i t y / s p o r t  was c la s s i f ie d  in t o  one o f f i v e  
c a te g o r ie s  dependent upon th e  le v e l and type  o f s k i l l s  re q u ire d  
by th e  game "w ere i t  to  be p layed  o p t im a lly " .  Th is 
c la s s i f ic a t io n  proved to  be f a r  more d i f f i c u l t  than  had been 
o r ig in a l l y  assumed w ith  no p re v io u s  c la s s i f ic a t io n  a long  th e  
" s k i l l "  d im ens ion  be ing  fo u n d .
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In  an a tte m p t t o  c re a te  such a c la s s i f ic a t io n ,  a nunber o f 
members o f  th e  p h y s ic a l e du ca tio n  p ro fe s s io n  were asked to  r a te  
a l i s t  o f  36 s p o r ts  and a c t i v i t i e s  a long  a d im ension  o f "degree 
o f  re q u ire m e n t o f c o -o rd in a te d  p e rce p tu a l and m otor 
fu n c t io n in g " .  There was no correspondence in  t h e i r  r e p l ie s  
w h a tso e ve r. I t  was e v id e n t th a t  those a c t i v i t y  a reas in  w h ich  
each responden t ta u g h t o r had experience  were ra te d  more h ig h ly  
th a n  o th e r  a reas . T h is  may have been because they f e l t  th a t  th e  
h ig h  s k i l l  r a t in g s  o f  t h e i r  p a r t ic u la r  s p e c ia l iz a t io n  would 
r e f le c t  upon t h e i r  own a b i l i t y .  Less h a rs h ly  and more l i k e l y ,  
however, i s  th a t  t h e i r  more in t im a te  und e rs tan d in g  o f  the  
nuances o f  t h e i r  s p e c ia l is t  areas made them more aware o f ju s t  
hew much s k i l l  o r what type s  o f s k i l l s  w ere r e a l ly  needed to  
p la y  th e  game a t  i t s  h ig h e s t le v e l .  W hatever th e  reasons, t h i s  
approach d id  n o t y ie ld  any u s e fu l in fo rm a tio n  and may be l ik e n e d  
perhaps to  th e  f in d in g s  o f Keogh e t a l .  (1979) mentioned above. 
In s te a d  i t  was necessary to  s t a r t  from s c ra tc h  and c re a te  ju s t  
such a c la s s i f ic a t io n .  The d e ta i ls  and argum ents a re  presented 
f u l l y  in  append ix  C.
The f i v e  c a te g o r ie s  re p re s e n t v a r io u s  s k i l l s  w h ich  cannot 
be m e a n in g fu lly  coxa pared; e .g . s k i l l s  r e q u ir in g  v is u a l 
p e rc e p t io n  ve rsu s  those re q u ir in g  k in a e s th e t ic  p e rc e p tio n . The 
sco re  i s  th e re fo re  a t  a c a te g o r ic a l da ta  le v e l o n ly  though i t  i s  
l i k e l y  th a t  o n e 's  in d iv id u a l b ia s  may tem pt one in t o  v ie w in g  
them w ith  ra th e r  more "o rd e r"  tha n  t h ^  can reasonab ly  deserve.
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Q3) Four s ta te m e n ts  o f a t t i t u d e  toward p h y s ic a l a c t i v i t y  and 
p a r t ic ip a t io n  were g iv e n . The s u b je c t had to  in d ic a te  w hich 
s ta tem ent was th e  most a p p lic a b le  to  him and t h is  was scored 
such th a t  "one" in d ic a te d  a more p o s it iv e  a t t i tu d e  toward 
a c t i v i t y  and " fo u r "  a more n e g a tiv e . The data  from  Q3 were 
consequen tly  regarded  as be ing  o f  an o rd in a l le v e l .
Q4) S u b je c ts  w ere asked w he the r o r no t t h ^  would d e sc rib e  
them selves as clum sy ( th e  d e f in i t io n  be ing  l e f t  up to  
th e m s e lv e s ). The "y e s " o r "n o " answer was assigned 0 o r 1 
a c c o rd in g ly .
[The q u e s t io n n a ire  can be found  a t  the  end o f appendix C. ]
2 .2 .4  S u b je c ts .
S u b je c ts  were a l l  u n iv e r s i ty  s tu d e n ts  (n = 26, average age 
= 21.23 + 4.1 y e a rs ) each v o lu n te e r in g  to  take p a r t  in  th e  
s tu d y . As w ith  any p o te n t ia l  group o f v o lu n te e r  s u b je c ts , th e re  
must tend to  be a b ia s  between those who w i l l  v o lu n te e r  and 
those  who w i l l  n o t. In  t h i s  s tudy i t  would se«n reasonab le  to  
expect th a t  b ia s  t o  p ic k  o u t th e  more s p o r t o r ie n ta te d  peop le . 
D e sp ite  t h is  expec tancy , however, i t  was f e l t  th a t  a w ide range 
o f  people d id  v o lu n te e r ,  shewing an e q u a lly  w ide range o f 
a b i l i t i e s .  T h is  may w e ll be because the  reasons f o r  be ing  
" s p o r t  o r ie n ta te d "  a re  n o t based ju s t  on a b i l i t y  o r  perform ance 
le v e l  bu t upon enjoym ent o f  an a c t i v i t y  f o r  i t s  own sake.
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The te s t in g  to o k  a pp ro x im a te ly  th re e  hours in  t o t a l  so was 
s p l i t  in t o  a number o f te s t in g  sess ions, some o f w h ich  were 
la b o ra to ry  based te s ts  and some gymnasiun based (see  append ix 
A ) . D esp ite  th e  d u ra t io n  o f  th e  te s t in g  se ss ions  a l l  th e  
s u b je c ts , re g a rd le s s  o f s k i l l  le v e l ,  appeared to  e n joy  th e  
ch a llen g e  a n d /o r  s t im u la t io n  o f the  v a r io u s  te s ts .
To summarize and perhaps c la r i f y ,  th e  a n a ly s is  o f  th e  d a ta  
was to  be as fo l lo w s :
(1 ) C reate Pearson C o r re la t io n  m a tr ix  f o r  a l l  o r ig in a l  
te s t  measurements.
(2 ) Remove some v a r ia b le s  due to  skewness a n d /o r re pea ted  
measures.
(3 ) C reate s m a lle r  Pearson C o r re la t io n  m a tr ix  w ith  
rm a in in g  v a r ia b le s .
(4 ) F a c to r ana lyse  m a tr ix .
(5 ) Check fa c to r s  u s in g  p a r t ia l  c o r re la t io n  and f a c to r  
ana lyses on each group o f v a r ia b le s ;  o b ta in  r e la t iv e  
fa c to r  lo a d in g s  (T ab le  2 . 3 . i v ) .
(6 ) C reate fa c to r  scores and ana lyse  re la t io n s h ip s  u s in g  
Pearson c o r r e la t io n s ,  t - t e s t s  and ANOVAs.
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A n a ly s is  o f th e  te s t  da ta  was perform ed in  fo u r  s tages;
(1 ) D e s c r ip t iv e  s t a t i s t i c s  and Pearson C o r re la t io n  on a l l  te s t  
sco res  le a d in g  to  e l im in a t io n  o f c e r ta in  measurements.
(2 ) F a c to r A n a ly s is  o f  rem a in ing  te s t  sco res .
(3 ) M u lt ip le  p a r t ia l  c o r re la t io n s  to  'check* fa c to r s .
(4 ) C a lc u la t io n  o f P e rce p tu a l-M o to r P r o f i le s  frcm  fa c to r  
components.
2 ,3 .1  D e s c r ip t iv e  s t a t i s t i c s  and Pearson c o r re la t io n s .
The means, s tandard  d e v ia t io n s  and frequency  d is t r ib u t io n s  
o f  each te s t  measurement were computed and a Pearson c o r r e la t io n  
m a tr ix  c re a te d  in c lu d in g  a l l  th e  te s t  measurements.
C o n s id e ra tio n  o f t h i s  m a tr ix  le d  to  a nunber o f te s t  scores 
be ing  d isca rde d  s ince  t h e i r  ex trem e ly  h ig h  in te r - c o r r e la t io n s  
in d ic a te d  th a t  they were m easuring th e  same param eter as each 
o th e r ;  i . e .  i t  cou ld  be seen th a t  a nunber o f measurements 
co u ld  be adequa te ly  re p laced  by a s in g le  measure. For example, 
in  t e s t  5a th e re  were seven measurements f o r  even f in g e r  
ta p p in g . S ince a l l  o f these c o r re la te d  h ig h ly  s ig n i f ic a n t ly  
(p  < 0 .005) w ith  th e  sun o f th e  measures i t  was decided to  use 
ju s t  th e  sun, t e s t  5a7b. O ther te s ts  were dropped because th e  
d is t r ib u t io n s  o f  t h e i r  raw sco res were so skewed as to  rende r 
them u se less  as a n a ly t ic a l  to o ls .
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2 . 3 .2  Facto r a n a lys is .
The re m a in in g  t e s t  scores were su b je c te d  to  fa c to r  a n a ly s is  
u s in g  p r in c ip a l  a x is  a n a ly s is  and th e  r e s u l t in g  fa c to r s  were 
su b je c te d  to  an o b liq u e  r o ta t io n .  The commonly used c r i t e r io n  
f o r  s e le c t in g  th e  number o f re le v e n t  fa c to r s  ( i . e .  an 
e ig e n va lu e  o f >= 1) was passed o ve r i n  fa v o u r o f C a t te l l * s  Scree 
method w hich  has been shewn e m p ir ic a l ly  ( th ro u g h  th e  e x te n s ive  
use o f plasmode d a ta ) t o  be more m e a n in g fu l th a n  th e  above 
a r b r i t a r y  c r i t e r io n  o f  Guttman and K a is e r ( C a t t e l l ,  1977). In  
t h i s  method, a graph i s  p lo t te d  o f  e ig e n va lu e  ( th e  sum o f th e  
squares o f  th e  lo a d in g  o f  each v a r ia b le  on th a t  fa c to r )  a g a in s t 
f a c to r  number. The scree  i s  d e te c te d  by f in d in g  th e  f i r s t  s e t 
o f fo u r  o r more p o in ts  th rough  w h ich  a s t r a ig h t  l i n e  may be 
drawn. The fa c to r s  above th is  l i n e  a re  regarded  as being 
m e a n ing fu l fa c to rs .
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Table  2 , 3 . i :  "E igenva lue  and Cummulative % o f  V a r ia n c e ."
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F ig u re  2 .3 .1 :  "Graph o f F a c to r  number a g a in s t e ig e n v a lu e ."
The scree  method in d ic a te d  th a t  th e re  were 8 fa c to r s  though 
i t  was p o s s ib le  th a t  these in c lu d e d  an e r ro r  fa c to r  (a  fa c to r  
c re a te d  by the  a n a ly s is  te ch n iq u e  from  a p p a re n tly  random 
measurement e r r o r s ) .  A ccord ing  to  C a t te l l  these can appear as 
q u i te  im p o rta n t fa c to r s  ( i . e .  have la rg e  e ig e n va lu e s ) though 
th e  r e la t i v e ly  sm a ll number o f s u b je c ts  rende rs  t h i s  u n l ik e ly  in  
t h i s  in s ta n c e  ( C a t t e l l ,  1977).
These 8 fa c to r s  were s u b je c te d  to  an o b liq u e  r o ta t io n  ( i . e .  
a m a th « n a tica l p rocess to  reduce th e  spread o f v a r ia b le  lo a d in g s  
on each fa c to r  and a llo w in g  f o r  c o r r e la t io n  between the  fa c to r s .  
See below f o r  a f u l l e r  d is c u s s io n ) .
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Appendix C ( l)  shows th e  lo a d in g s  o f th e  rem a in in g  v a r ia b le s  on 
each fa c to r  a f t e r  r o ta t io n .
To te s t  f o r  th e  s ig n if ic a n c e  o f the  lo a d in g s  in  th e  f a c to r  
p a t te rn  th e  fo l lo w in g  fo rm u la  was used:
t  — 8 | f
where ta  i s  d is t r ib u te d  fo l lo w in g  th e  t - d is t r ib u t i o n .  
a jf = p rim a ry  o rd e r p a t te rn  c o e f f ic ie n t  ( th e  lo a d in g  
o f  v a r ia b le  j  on fa c to r  f ) .  
h | = com m unality o f  v a r ia b le  j .
N = the  number o f s u b je c ts ,  
n = th e  number o f fa c to r s .
Cfi i s  th e  d ia g o n a l e lem ent (column and row o f fa c to r  f ) 
in  th e  in v e rs e  m a tr ix  o f the  c o r re la t io n s  among th e  fa c to r s  
[see  appendix C ( i i ) ] .
Thus, i f  th e  r ig h t-h a n d  p a r t  o f th e  fo rm u la  i s  le s s  tha n  t ,  th e  
lo a d in g  i s  no t s ig n i f ic a n t  (degrees o f freedom f o r  t  = N -  n -  
1).
The above fo rm u la  i s  c re d ite d  by C a t te l l  t o  H a r r is  
( C a t t e l l ,  1977) and i s  taken  from  an unpub lished  a r t i c l e  by h im . 
I t  i s  th e  e q u iv a le n t to  th e  b e t te r  known B u rt-B anks  fo rm u la  
(B u r t  & Banks, 1947) b u t i s  a p p lic a b le  to  fa c to r  lo a d in g s  found  
a f t e r  o b liq u e  r o t a t io n  ra th e r  than  o rth o g o n a l. A f te r  a p p ly in g  
th e  a p p ro p r ia te  c u t - o f f  p o in ts  to  the  da ta  in  append ix  C ( i)  th e  
fo l lo w in g  ta b le  was o b ta in e d :
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FACTORS
FI F2 F3 F4 F5 F6 F7 F8
2 d i la I b i 5a7b I c i i  - I b i i la  -2 a
V
A -4 a -10a I c i 6 a i i i l e i i i  1 0 b ii - 6 c i i i  -2 c
R
I - 6 c i i i -1 0 c l o l l 6b -8 a  -5a7a
A
B -7 a lOe 2 d i i 7a - 8 d i i i  8b
L
E -7 b —5c —8a -lO d  8 d i i i
S
- lO b i i lOe
Table  2 .3 .1 1 :  " D is t r ib u t io n  o f  v a r ia b le s  w ith  s ig n i f ic a n t
lo a d in g s  over the  8 f a c t o r s . "
2 . 3 .3  In d iv id u a l fa c to r  ana lyses and p a r t ia l  c o r r e la t io n s .
In d iv id u a l fa c to r  ana lyses  were then  perform ed on each o f 
th e  e ig h t  g roups o f  v a r ia b le s  in  o rd e r to  check th a t  they d id  
indeed c o n s t i tu te  j u s t  one fa c to r  each and were no t th e  r e s u l t  
o f a fo rc e d  c o m b in a tio n  o f  two o r more independent s e ts  o f 
v a r ia b le s .  F u rthe rm ore , where g roup ings o f v a r ia b le s  were made 
f o r  w hich the  i n i t i a l  Pearson c o r re la t io n  m a tr ix  showed l i t t l e  
o r  no a s s o c ia t io n  and i n  o rd e r to  t r y  and a s c e r ta in  w he ther th e  
fa c to r  s t r u c tu re  had been d is to r te d  by th e  presence o f an e r r o r  
f a c to r ,  a number o f p a r t ia l  c o r re la t io n s  were perfo rm ed.
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The se pa ra te  fa c to r  ana lyses in d ic a te d  th re e  changes. 
V a r ia b le  la  was shown to  belong to  a sepa ra te  fa c to r  from  
v a r ia b le s  10a, 10c and lOe and was l e f t  out o f F a c to r 2.
F a c to r 5 was shown to  be a co m b ina tion  o f  th re e  fa c to rs  w ith  
v a r ia b le  7a fo rm in g  a s in g le  fa c to r  in  i t s  own r ig h t .  
A c c o rd in g ly , v a r ia b le  7a was removed. Of th e  o th e r two, Pearson 
and p a r t ia l  c o r r e la t io n s  in d ic a te d  th a t  th e  fa c to r  o f l e i i i ,  6b 
and 8a was th e  p r in c ip le  co m b ina tion  and t h i s  was d u ly  
s u b s t itu te d  in  p lace  o f th e  o r ig in a l  F a c to r 5 .
F a c to r 7 to o  was s p l i t  in t o  two fa c to r s ,  aga in  w ith  both Pearson 
and p a r t ia l  c o r r e la t io n s  in d ic a t in g  l i t t l e  a s s o c ia t io n  between 
many o f th e  v a r ia b le s .
Pearson c o r r e la t io n s  in d ic a te d  a ls o  th a t  th e  co m b ina tion  o f 
v a r ia b le s  I b i i  and lO b i i  in t o  F a c to r 6 was e rroneous. M u lt ip le  
p a r t ia l  c o r r e la t io n s  o f these and o th e r  h ig h - lo a d in g  v a r ia b le s  
on F a c to r 6 se rved  m ere ly  to  s u b s ta n t ia te  t h is  co n c lu s io n . I t  
was th e re fo re  dec ided  th a t  F a c to r 6 was an e r r o r  fa c to r  and was 
dropped from  fu r t h e r  c o n s id e ra t io n .
The v a r ia b le s  w i t h in  th e  i n i t i a l  fa c to rs  were re -o rd e re d  
and a re  shown in  Tab le  2 . 3 . i i i .  I t  w i l l  be noted th a t  some o f 
th e  s ig n s  o f  th e  v a r ia b le s  have been a lte re d .  T h is  was to  make 
a l l  the  fa c to r s  " a b i l i t i e s "  ra th e r  than  some o f them 
re p re s e n tin g  " i n a b i l i t i e s " .  T h is  m e re ly  re n de rs  in te r p r e ta t io n  
o f  a personas p e rc e p tu a l-m o to r p r o f i le  e a s ie r  to  in t e r p r e t .
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FACTORS
FI F2 F3 F4 F5 F6 F7 F8
- 6 c i i i - lO e I c i -5a7b l e i i i - 8 d i i i la  -2 c
V
A -4 a 10c I b i - 6 a i i i -8 a -8 a - 8 d i i i  -2 a
R
I 2 d i 10a 2 d i i 6b •lOd -5a7a
A
B - lO b i i -5 c - 6 c i i i - B d i i i
L
E -7b I c i i 8b
S
-7  a
Table 2 .3 . i i i ;  "F in a l g ro up in gs  o f v a r ia b le s  w i t h in  each 
f a c t o r . "
To o b ta in  th e  r e la t iv e  lo a d in g s  o f each v a r ia b le  w ith in  th e  
same fa c to r ,  sepa ra te  fa c to r  ana lyses  were perform ed u s in g  o n ly  
those v a r ia b le s  a lre a d y  des igna ted  as b e lo n g in g  to  th a t  fa c to r .  
Thus the  f i n a l  lo a d in g s  o f  each v a r ia b le  upon th e  re le v a n t 
fa c to r  were as fo l lo w s ;
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Factor 1:
6cüi 4a 2di lObü 7b 7a 





lei Ibi 2dii 5c Icii





leiii 8a 6b 
0.77206 -0.72274 0.51585
Factor 6:
8diii 8a lOd 6ciii 





2c 2a 5a7a 8diii 8b
-0,75583 -0.70597 -0.60829 -0.57525 -0.51014
Table 2.3.iv: "Loadings of variables on each factor after individual 
factor analysis."
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2 . 3.4  Factor score c o r re la t io n s .
F a c to r scores were c a lc u la te d  f o r  each s u b je c t. [A 
s u b je c t ’ s score  on each fa c to r  i s  c a lc u la te d  by summing th e  
w e ig h te d  Z -sco re  o f each v a r ia b le  w i t h in  th a t  fa c to r .  In  th e  
case o f an o rth o g o n a l r o ta t io n  o r  when no r o ta t io n  i s  re q u ire d  
(a s  i s  th e  case when o n ly  one fa c to r  has been e x tra c te d  such as 
h e re ) the n  the  w e ig h tin g  o f  each v a r ia b le  i s  equal to  i t s  
lo a d in g  on th a t  f a c to r .  The Z -sco re  tra n s fo rm a tio n  (see S e c tio n  
2 . 3 . 7 ) i s  used to  re n de r a l l  th e  raw scores in t o  sco res  o f  th e  
same u n i ts ,  th a t  is ,  s tandard  d e v ia t io n s  from th e  p o p u la tio n  
mean. These c a lc u la t io n s  were p a r t  o f the  computer program 
(SPSS-X, 1 9 8 6 )].
Pearson c o r re la t io n s  were made between the  fa c to r  sco res  in  
o rd e r to  see hew o b liq u e  th e  f i n a l  a b i l i t i e s  r e a l ly  were.
A b i l i t y  scores 1, 5 and 7 c o r re la te d  s ig n i f ic a n t ly  w ith  a b i l i t y  
sco re  6. A b i l i t y  scores 2, 6 and 7 c o r re la te d  s ig n i f ic a n t ly  
w ith  a b i l i t y  score  8.
These w ere:
A1/A6 r = 0 .6 5 , P < 0.010 tw o - ta i le d .
A5/A6 r = 0 .5 6 , P < 0.025 tw o - ta i le d .
A7/A6 r - 0 . 7 5 , P < 0.010 tw o - ta i le d .
A2/A8 r = 0 .4 6 , P < 0.025 tw o - ta i le d .
A6/A8 r = 0 .5 3 , P < 0.025 tw o - ta i le d .
A7/AB r 0 .5 6 , P < 0.025 tw o - ta i le d .
Tab le  2 .3 .v :  " S ig n i f ic a n t  fa c to r  sco re  c o r r e la t io n s . "
[F o r  the  f u l l  c o r r e la t io n  m a tr ix  see appendix D ( i i i ) . ]
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2 .3 *5  F a c to r sco res  in  r e la t io n  to  p h y s ic a l param eters .
In  o rd e r to  assess the  r e la t io n s h ip  o f body s iz e  o r shape 
w ith  the e ig h t  fa c to r s ,  a Pearson c o r r e la t io n  m a tr ix  was 
c a lc u la te d . T h is  i s  shown below .
FACTOR
Parameter FI F2 F3 F4 F5 F6 F7 F8
H e igh t -0 .2 5 -0 .2 5 -0 .3 3 —0.16 0.23 0.25 0 .15 -0 .1 1
W eight -0 .70**-0 .0 5 -0 .58* 0.00 -0 .1 9 -0 .0 3 -0 .0 5 -0 .2 0
P. I . 0 .6 3 " -0 .11 0.56* -0 .1 4 0.47 0 .40 0 .25 0 .17
Sex 0.29 0 .20 0.55* -0 ,0 3 0.08 0.18 0 .13 0.29
Age -0 .1 8 0 .17 -0 .0 7 0.06 -0.68** -0 .2 3 —0.06 -0.41*
Table 2 . 3 . v i :  "Pearson c o r r e la t io n  m a tr ix  o f fa c to r  scores w ith
p h y s ic a l p a ra m e te rs ."  ( * = P < 0 .0 5 ; = p < 0 .0 1 )
2 .3 .6  F a c to r scores and th e  A tt itu d e -P re fe re n c e  Q u e s tio n n a ire .
The r e la t io n s h ip s  between th e  e ig h t fa c to r  sco res  and th e  
answers to  the  A .P.Q . had to  be assessed u s in g  a number o f 
s t a t i s t i c a l  te ch n iq u e s .
t - t e s t s  on Q1 (a c t iv e  ve rsu s  pass ive  p a s t- t im e )  and on Q4 
(c lu m j^  versus non-c lum sy) o f  the  A.P.Q. w ith  th e  fa c to r  sco res  
in d ic a te d  no s ig n i f ic a n t  r e la t io n s h ip s .
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Oneway a n a lyse s  o f  va ria n ce  o f Q2 ( s k i l l  ca te g o ry  o f 
p re fe r re d  s p o r t)  and Q3 ( p o s i t iv e  a t t i tu d e  toward s p o r t)  w ith  
th e  fa c to r  sco re s  s im i la r ly  in d ic a te d  no r e la t io n s h ip s .  
In s p e c t io n  o f  mean sco res  f o r  each ca tegory  o f Q2, however, 
in d ic a te d  th a t  th e re  may have been d if fe re n c e s  between th e  means
o f  groups 1 and 3 and between th e  means o f g roups 1 and 4 on
c e r ta in  a b i l i t y  sco re s .
t - t e s t s  between these  p re fe re n ce  groups d id  in  f a c t  in d ic a te  a 
number o f s ig n i f ic a n t  d if fe re n c e s  but o n ly  between groups 1 and 
3 ; these  were w ith  a b i l i t y  sco res  3, 4 and 6 (p  < 0 .0 5 , 
p < 0.005 and p < 0 . 0 25 , tw o - ta i le d ,  r e s p e c t iv e ly ) .  I t  shou ld  
be noted th a t  t - t e s t s  cou ld  be used on th e  data  s ince  the  
assum ption  o f  hom ogeneity o f v a ria n c e  across th e  g roups was 
supported  by th e  n o n - s ig n if ic a n t  F - r a t io s  in  th e  ANOVA.
S im ila r  in s p e c t io n  le d  to  d if fe re n c e s  in  Q3 b e in g  found to  
be s ig n i f ic a n t  on se ve ra l a b i l i t y  scores. These were between 
a t t i t u d e s  1 and 2 on a b i l i t y  1 and between a t t i t u d e s  1 and 3 on
a b i l i t y  2 (p  < 0 .05  f o r  b o th , o n e - ta i le d ) .  Both these
d if fe re n c e s  were such th a t  the  s u b je c ts  e xp ress in g  a more 
p o s i t iv e  a t t i t u d e  scored more h ig h ly ,  as was h yp o th e s ize d  
e a r l ie r  (S e c t io n  2 .1 ) .
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Average raw fa c to r  scores
Dancers Non-dancers S.D, Z -sco re
A 1 0.416 0.090 0,206 1.5825
B
I 2 0.318 0.068 0.849 0.2945
L
I 3 0.763 0.181 0.634 0.9180
T
Y 4 0.108 —0.060 1.242 0.1353
N 5 0.090 0.130 0.496 -0 .0807
Ü
M 6 0.408 —0 « 106 0.994 0.5171
B
E 7 0.478 -0 .1 1 0 0.710 0.8282
R
8 0.389 0.402 0.379 - 0.0343
Tab le  2 . 3 . V Ü :  "Mean fa c to r  sco res  f o r  fem ale s u b je c ts , dancers
and non-dancers ; s tan d a rd  d e v ia t io n s  f o r  non-dancer g roup  and 
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N
■ 0 - 5 -
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Ability Number
F ig u re  2 . 3 . v i i i :  "P e rc e p tu a l-M o to r P r o f i le  o f fem ale d a n ce rs ."
t - t e s t s  between the  dancers and non-dancers on each o f the  e ig h t 
a b i l i t y  sco res shewed s ig n i f ic a n t  d if fe re n c e s  o n ly  on F a c to r 1 
(p  < 0 .006 , o n e - ta i le d )  w ith  both  F a c to rs  3 and 7 showing tre n d s  
(p < 0.1 and p < 0 .0 8 , o n e - ta ile d ,  r e s p e c t iv e ly ) .
[The a n a ly s is  o f  t h is  p r o f i le  w i l l  be d iscussed  in  th e  next 
s e c t io n . ]
2.4 Diacuaaion,
2 .4 .1  F a c to r  a n a ly s is .
I t  w i l l  be r e c a lle d  th a t  a fa c to r  a n a ly t ic  method was se le c te d  
such th a t  i t  a llo w e d  a more e x p lo ra to ry  a n a ly s is  o f  the  d a ta . 
T h is  a u to m a t ic a l ly  le a ds  to  a p o te n t ia l a m b ig u ity  concern ing  
b o th  th e  v a r ia b le s  assigned to  each fa c to r  and th e  
in t e r p r e ta t io n s  subsequen tly  p laced  upon these  fa c to r s .  In  th a t  
th e  fa c to r  s t r u c tu r e  can not be o b je c t iv e ly  f ix e d ,  s m a lle r 
fa c to r  a n a lyse s  and p a r t ia l  c o r re la t io n s  were used both to  
"ch e ck " those  te s ts  grouped to g e th e r  and to  see w hether c e r ta in  
te s t s  w h ich  loaded  s ig n i f ic a n t ly  on a nun be r  o f fa c to r s  r e a l ly  
d id  have such d iv e rs e  co nn e c tion s . As a d ir e c t  r e s u l t  o f these 
a n a lyse s , s e v e ra l o f the  fa c to r s  were rea rranged  (see S e c tio n  
2 .3 .3 ) .  I t  i s  hoped th a t  a more r e a l i s t i c  f a c to r  s o lu t io n  has 
been ach ieved  as a r e s u l t .  Such m a n ip u la tio n  le a v e s  one open to  
th e  c r i t i c i s m  o f hav ing  p re ju d ic e d  th e  r e s u l t s  but t h is  i s  
a lre a d y  t ru e  w ith o u t such m a n ip u la tio n . The ve ry  cho ice  o f 
te s t s  used and those  l e f t  out (o r  un thought o f)  has a lre ad y  
m a n ip u la te d  th e  r e s u l t in g  fa c to r s .  The in c lu s io n  in  the  te s t  
b a t te ry  o f  th e  th re e  gene ra l p e rc e p tio n  te s ts  used in  the  f i r s t  
p a r t  o f th e  s tudy  w i l l  have a u to m a t ic a lly  p red isposed  th e  f i r s t  
few fa c to r s  in  th e  e x tr a c t io n  to  be p e rce p tu a l in  n a tu re . I t  
has a lre a d y  been argued th a t  c lum siness owes more to  pe rcep tua l 
th a n  m otor in a c c u ra c ie s  and th a t  th e  make-up o f  the  te s t  b a t te ry  
m e re ly  r e f le c t s  t h i s .  I t  must be p o in te d  o u t, however, th a t  th e  
la r g e r  th e  range o f te s ts  used in  th e  b a tte ry  (and i t  i s
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b e lie v e d  th a t  the  range used in  t h i s  study covered th e  m a jo r ity  
o f  p e rc e p tu a l-m o to r fu n c t io n in g  as in fe r r e d  from  the  c h ild  
c lu m s in e ss  te s t s ) ,  the  more l ik e l ih o o d  th e re  i s  o f e x tra c t in g  
a l l  th e  u s e fu l fa c to rs .  The in te n t io n a l  b ia s  tow ard p e rc e p tio n , 
th e re fo re ,  w i l l  no t have o b l i te r a te d  th e  more "m otor f la v o u re d "  
f a c to r s  bu t w i l l  m erely have p laced  them fu r th e r  down the  
e x t r a c t io n  than  they m igh t o th e rw is e  have been.
The f i n a l  g roup ing  o f  te s t  v a r ia b le s  i s  lËicwn in  ta b le  
2 . 3 . i i i .  The use o f fa c to r  a n a ly s is  as an e x p lo ra to ry  to o l,  as 
i t  was used in  t h is  s tudy, re q u ire s  th e  assum ption th a t  the 
common v a r ia n c e  amongst th e  v a r ia b le s  w ith in  a g ive n  fa c to r  i s  a 
d i r e c t  r e s u l t  o f t h e i r  shared re lia n c e  upon a s in g le ,  
u n d e r ly in g , common denom inator, in  t h is  case a p e rce p tu a l-m o to r 
a b i l i t y .  T h is  assum ption a llo w s  th e  s p e c u la tiv e  in te r p r e ta t io n  
o f  each a b i l i t y  from the  common aspec ts  o f i t s  assoc ia ted  
s k i l l s .
2 .4 .2  F a c to r in te r p r e ta t io n
F a c to r 1  ; - 6 c i i i ,  -4a , 2 d i,  -7 b , - lO b i i ,  -7 a
F a c to r 1 accounted f o r  a p p ro x im a te ly  28$ o f the  common v a ria n ce  
e x h ib ite d  by th e  da ta .
Test 6 c i i i  re p re s e n ts  the  number o f e x tra  s teps taken  in  the  
"s te p p in g -s to n e "  t e s t  (see append ix  B) which was p a r t  o f the  
o r ig in a l  g ro ss  p e rce p tu a l-m o to r t e s t  b a t te ry .  E x tra  steps a re  
s u p e rf lu o u s  to  th e  movanent re q u ire m e n ts  and a re  th e re fo re
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co ns ide re d  as e r ro rs .  Test 4a was p a r t  o f the  o r ig in a l  rhythm  
te s t  b a t te ry ,  re q u ir in g  c la p p in g  o f  th e  hands to  a re g u la r ly  
s t ru c tu re d  rhy thm ; i t  i s  scored as e r ro rs .  Test 2 d i was p a r t  o f 
th e  o r ig in a l  dynamic balance te s t  b a t te ry  and re p re s e n ts  th e  
s k i l l s  re q u ire d  to  w a lk  a lo n g  a balance beam fo rw a rd s  w ith o u t 
im ba lance . Test 7b, scored as e r ro r s ,  measures th e  s k i l l s  
re q u ire d  to  p e rc e iv e  and adopt a se t body p o s it io n .  Test lO b i i  
was p a r t  o f th e  re a c t io n - t im e  te s t  b a t te ry  and i s  th e  number o f 
e r ro r s  in c u r re d  d u r in g  th e  c h o ic e - l ig h t  te s t .  F in a l ly ,  t e s t  7a 
re q u ire s  th e  re c o g n it io n  (and s e le c t io n  from s im i la r  o th e rs ) o f  
body shape o r p o s i t io n ;  i t  was o r ig in a l l y  des igna ted  as be ing  
p a r t  o f  the  body image te s t  b a t te r y .  I t  too  i s  measured as 
e r r o r s  th u s  a h ig h  sco re  im p lie s  an in a b i l i t y  to  p e rce ive  body 
shape in  a d is c r im in a to ry  fa s h io n .
The v a r ia b le  o rd e r g iv e n  above fo l lo w s  the  fa c to r  lo a d in g s  
(T a b le  2 .3 . i v )  th u s  6 c i i i  i s  th e  most re p re s e n ta t iv e  v a r ia b le  
w i t h in  t h is  fa c to r  and 7a th e  le a s t .
D esp ite  a l l  th e  te s ts  be ing  perform ed w ith  the  p o s s ib le  use 
o f v is u a l cues, th e  rhythm  te s t  (4a ) does not r e a l ly  re q u ire  
them (s in c e  most people can c la p  t h e i r  hands w ith o u t lo o k in g  a t  
them ). I t  i s  f e l t ,  th e re fo re ,  t h a t  v is io n  as th e  in fo rm a tio n a l 
in p u t channel i s  n o t a v i t a l  component o f t h is  f a c to r .
In  each o f th e  s ix  te s t s  th e re  i s  th e  need to  a s s im ila te  
env iron m e n ta l s t r u c tu r e .  In  most cases, t h is  i s  in  o rd e r to  
p la n  movements t o  f i t  w i t h in  th e  s t ru c tu re  (e .g . an imposed
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t im in g  s t r u c tu re  as in  th e  c la p p in g  te s t  o r an imposed s p a t ia l 
s t ru c tu re  as in  th e  s te p p in g -s to n e  t e s t ) .  In  th e  case o f 7a th e  
a s s im ila t io n  i s  s im p ly  to  re co g n ise  the  s t ru c tu re  and i t  i s  
consequen tly  th o u g h t th a t  t h is  co u ld  account f o r  i t s  lew lo a d in g  
on t h is  f a c t o r ;  i . e .  i t  shares o n ly  p e rce p tu a l s im i la r i t i e s  
w ith  the  o th e r te s ts  in  w hat w ou ld  seem to  be a p e rc e p tu a l-m o to r 
f a c to r .  [P erhaps i t  shou ld  be noted th a t  th e  concept o f 
p e rc e p tio n  be ing  used in c lu d e s  th e  assignment o f  meaning to  what 
has been sensed. The term  " a s s im ila t io n "  im p lie s  th e  
s y s te m is a tio n  o f these  m e a n in g fu l p e rc e p tio n s  such th a t  they can 
be fu r th e r  u t i l i z e d . ]  What i s  be ing  suggested, th e re fo re ,  i s  
t h a t  t h is  fa c to r  re p re s e n ts  th e  a b i l i t y  to  c re a te  a model o f th e  
e x te rn a l w o rld  from  w h ich  an a p p ro p r ia te  o u tp u t can be 
de te rm ined . The e x is te n c e  o f such a model i s  examined below in  
r e la t io n  to  H ig g in s ' c o n te n tio n  th a t  e f f i c i e n t  movement can o n ly  
occur when bo th  th e  p h y s ic a l s t r u c tu re  o f the  surround and the  
p h y s ic a l l im i t a t io n s  o f th e  body a re  taken  in t o  account to  
produce a r e s u lta n t  movement fo rm  (H ig g in s , 1980). S ince the 
fa c to r  c o n ta in s  t e s t s  th a t  dem onstra te  a w ide v a r ie ty  and 
co m p le x ity  o f s t r u c tu r e  (fro m  a s in g le  row o f lamps in  lO b i i  to  
th e  i r r e g u la r i t i e s  o f  th e  human fo rm  in  7a and 7b) i t  seems 
p la u s ib le  th a t  th e  a rra y s  a re  p e rce ived  no t as a c o l le c t io n  o f 
many d is c re te  p a r ts  (s in c e  d if fe re n c e s  in  c o m p le x ity  would be 
maxim ized were t h i s  th e  case) b u t as s in g le  p a t te rn s .
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R e p e tit io n s  o f p a r t ic u la r  o rg a n is a tio n s  o f item s cou ld , 
th rough  g radua l re c o g n it io n  and le a rn in g ,  lea d  to  t h e i r  be ing  
p e rce ive d  as a w ho le , s in g le  u n i t  and thu s  the  in te r n a l 
c o m p le x ity  o f th e  whole would beccme ir r e le v a n t .  T h is  would 
mean th a t  people  who had g re a te r  invo lvem ent in  a c t i v i t i e s  f o r  
w h ich  such in t e r p r e ta t io n  was a necessary requ irem en t should be 
"more a b le "  on t h i s  fa c to r  than  those people who had n o t. T h is  
p o in t  w i l l  be d iscussed  s h o r t ly  when co n s id e rin g  th e  dancers* 
p r o f i le .
In  sunmary, F a c to r 1 se«DQs to  be th e  p e rc e p t io n /re c o g n it io n  
and a s s im ila t io n  o f  s t ru c tu re  w i t h in  th e  e nv iron n en t to  gene ra te  
a model o f the  e x te rn a l w o rld  and which a llo w s  th e  p la n n in g  o f  
a p p ro p r ia te  a c t io n s  to  cope w ith  t h is  s t ru c tu re .
■Factor 2 : - lO e , 10c, 10a
T h is  second fa c to r  accounted f o r  a pp rox im a te ly  17$ o f the  
e x h ib ite d  v a ria n c e  re m a in in g .
Both Test 10a and Test 10c a re  s tra ig h t fo rw a rd  
re a c t io n - t im e  te s ts ,  th e  fo rm e r re q u ir in g  a c t io n  upon a l i g h t  
s t im u lu s , the  l a t t e r  upon a sound s tim u lu s . Test lOe i s  an 
e r r o r  score g iv e n  when th e  s u b je c t re a c ts  to  a sound s tim u lu s
when asked to  re a c t to  and e x p e c tin g  o n ly  a l i g h t  s tim u lu s . I t
seems reasonab le  to  f in d  the  re la t io n s h ip  th a t  those s u b je c ts  
w ith  q u ic k e r  re a c t io n - t im e s  tend  to  be le s s  a ccu ra te  but lOe i s  
le s s  an " in a c c u ra c y "  sco re  than  an " in a p p ro p r ia te  a c t io n "  sco re .
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I t  may be, th e re fo re ,  th a t  those s u b je c ts  w ith  the  low e r fa c to r  
sco res  a re  o v e r - re a c t iv e  and tend  to  " le a p  b e fo re  lo o k in g " .
T h is  tendency co u ld  be a perform ance d e f i c i t  due to  o v e r-a ro u s a l 
though w hether t h is  would be a c h ro n ic  t r a i t  o r a phas ic  s ta te  
caused by th e  e xpe rim en ta l s i t u a t io n  cou ld  n o t be assessed 
w ith o u t  back-up p e rs o n a lity  te s ts  (e .g .  th e  STAI from 
S p ie lb e rg e r ,  1971). T h is  fa c to r  w i l l  re q u ire  c a re fu l 
e xa m in a tio n  s ince  a p a r t ic u la r  score  may have a number o f 
in te r p r e ta t io n s .  For example, a person s c o r in g  h ig h ly  on t h i s  
f a c to r  may do so because ( i )  the y  have a slew re a c t io n - t im e ,
( i i )  they  have not made a m is take  in  re a c t in g  to  an 
in a p p ro p r ia te  s t im u lu s  o r ( i i i )  they have both  a slew 
re a c t io n - t im e  and have no t made a m is ta ke . In  term s o f a l l  
round e f f i c i e n t  movement i t  would be more advantageous i f  one 
co u ld  have a fa s t  re a c t io n - t im e  and y e t  no t make e r ro rs  o f 
s t im u lu s  re c o g n it io n .  Such a com b ina tion , however, would 
c o u n te ra c t each o th e r in  term s o f s c o r in g  on t h is  fa c to r  and 
r e s u l t  in  a score c lo se  to  z e ro . T h is  c o n f l i c t  can o n ly  be 
re s o lv e d  i f  one chooses in s te a d  to  assume th a t  the  " a b i l i t y "  
be ing  p o rtra y e d  i s  one o f p h y s ic a l r e la x a t io n  and ease; i . e .  an 
a p p ro p r ia te  le v e l o f  a ro u s a l. Should t h i s  d e f in i t io n  be adopted 
th e n  a h ig h  score ( p o s i t iv e )  would in d ic a te  p h y s ic a l (and 
perhaps a t te n t io n a l)  r e la x a t io n ;  a lew sco re  (n e g a tiv e ) 
in d ic a t in g  p h y s ic a l a ro u s a l. Which o f these i s  p re fe ra b le  i s  
dependent on th e  n a tu re  o f th e  movement ta s k  be ing  undertaken  a t  
any p a r t ic u la r  t im e .
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In  summary, F a c to r 2 seems to  re p re s e n t th e  degree o f 
p h y s ic a l and p o s s ib ly  mental r e la x a t io n  w ith  w h ich  a su b je c t 
approaches movement ta s k s . I t  may w e ll be a m a n ife s ta t io n  o f 
p e rs o n a lity  shewing i t s e l f  th rough  p h y s ic a l perform ance.
F a c to r 3 : -5 c , I c i ,  2 d i i ,  I b i ,  I c i i
F a c to r 3 accounted f o r  a pp ro x im a te ly  12$ o f  th e  rem a in ing  
v a ria n c e  e x h ib ite d  by the  d a ta .
T e s ts  I b i  and I c i  were both  te s ts  from  th e  s t a t ic  balance 
t e s t  b a t te ry ;  s ta n d in g  m o tio n le s s  on th e  r ig h t  and l e f t  fo o t  
re s p e c t iv e ly  and bo th  are in  th e  presence o f v is u a l cues. Test 
I c i i  was a ls o  a s t a t i c  balance te s t ,  t h is  tim e  s tan d in g  
m o tio n le s s  on the  l e f t  le g  but in  the  absence o f v is u a l cues 
( i . e .  th e  eyes a re  c lo s e d ). Test 2 d i i  was p a r t  o f th e  dynamic 
balance te s t  b a t te ry  and i s  a measure o f perform ance in  w a lk in g  
backwards a long  a balance beam. Teat 5c re q u ire s  th e  lo ccm o tio n  
o f the  whole body fo l lo w in g  a p re -s e t  p a t te rn .  I t  p a r t ic u la r ly  
in c o rp o ra te s  th e  d e x tro u s  movement o f th e  lo w e r lim b s  and 
n e c e s s ita te s  an "u n u su a l" change o f balance in  o rd e r to  put th e  
fe e t  in  th e  re q u ire d  p o s it io n s .  Test 5c i s  marked as e r ro rs .
A l l  these te s ts  re q u ire  p e rc e p tio n  and c o n tro l o f the  whole 
body e i t h e r  in  p e rfo rm in g  a se t o f p re -d e te rm in e d  movements o r 
in  rem a in in g  s ta t io n a r y .  T es ts  2 d i i  and 5c re q u ir e  the  f i t t i n g  
o f  movements in t o  a p re -s e t p a tte rn .
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A lthough  th e  m aintenance o f s t a t ic  balance may not seem to  
f i t  to o  w e l l  w i t h in  th e  term "movement", on th e  neurom uscular 
c o n tro l le v e l th e re  i s  l i t t l e  d if fe re n c e  s ince  p a tte rn s  o f 
m uscu la r te n s io n s  a re  re q u ire d  both  to  move and to  rem ain 
m o tio n le s s  (u n le s s  supported  a g a in s t g ra v ity  by an e x te rn a l 
c o n s t ru c t io n ) .  F u rthe rm ore , t e s ts  I b i  and I c i  a ls o  in v o lv e  th e  
use o f s p a t ia l  in fo rm a tio n  in  th e  maintenance o f non-movement in  
th a t  any change in  th e  v is u a l p a t te rn  i s  in d ic a t iv e  o f a 
movement and an im pending im ba lance . Test I c i i  w ould appear a t  
f i r s t  to  be th e  "odd one o u t"  b u t here  to o  i t  co u ld  be argued 
th a t  the  p a t te rn  i s  a k in a e s th e t ic  one, d e v ia t io n  from  which 
w ou ld , a g a in , be in d ic a t iv e  o f ensu ing im balance.
I t  i s  o f  no te  th a t  te s t  7b loaded h ig h ly  on t h is  fa c to r  
though n o t s u f f i c i e n t l y  so as to  be s ig n i f ic a n t  a t  the  0,01 
le v e l ( i t  was s ig n i f ic a n t  a t  th e  0 .05  le v e l ) .  T h is  te s t  
in v o lv e s  whole body movements, aga in  f i t t i n g  them in to  a s p a t ia l  
p a t te rn  bu t t h i s  tim e  a s t a t ic  body shape. I t  i s  suggested th a t  
te s t  7b a ls o  re q u ire s  k in a e s th e t ic  in fo rm a tio n  s in ce  the  s u b je c t 
had no d ir e c t  v is u a l feedback as to  the  body shape they had , 
a c tu a l ly  adopted. T h is  n e c e s s ity  f o r  knowing where the  lim b s  
a re  in  r e la t io n  to  th e  tru n k  and o th e r lim b s  i s  o b v io u s ly  a 
p re re q u is ite  f o r  a l l  whole body a c tio n s . I t  i s  f e l t  th a t  fa c to r  
3 i s  th e  a b i l i t y  to  use the  b o d y 's  co ns ta n t f lo w  o f in fo rm a tio n  
conce rn ing  i t s  p h y s io lo g ic a l s ta te  and i t s  p o s i t io n  both  to  
g ene ra te  th e  i n i t i a l  m otor o u tp u t and to  m od ify  p re v io u s  o u tp u t 
u n t i l  th e  feedback (F7) in d ic a te s  th a t  th e  m otor o u tp u t f i t s
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requirem ents.
In  summary, d e s p ite  i t s  i n i t i a l  appearance o f be ing  a 
"b a la n c e " f a c to r ,  F a c to r 3 i s  th e  a b i l i t y  to  use th e  p e rc e p tio n s  
o f  th e  b o d y 's  p o s it io n ,  bo th  in  te rm s o f i t s  shape and i n  i t s  
o r ie n ta t io n  to  f i t  the  body in t o  a p re -s e t  p a t te rn .  I t  d i f f e r s  
from  F a c to r 1 in  th a t  th e  e nv iron m e n ta l s t ru c tu re  does n o t f i r s t  
have to  be a s s im ila te d  i n  o rd e r to  c re a te  th e  p a t te rn  to  be 
f i t t e d .
F a c to r  1  : -5a7b , - 6 a i i i
T h is  fa c to r  accounted f o r  a p p ro x im a te ly  10$ o f  the  rem a in ing  
ccmmon v a r ia n c e .
Test 5a7b i s  a com posite  sco re  from  a number o f  te s ts  (see 
append ix B f o r  d e ta i ls )  and re p re s e n ts  th e  e r ro r  in  a ta s k  
in v o v in g  f in g e r  d e x te r i t y .  Being an e r ro r  sco re , th e  s m a lle r 
th e  sco re , th e  g re a te r  the  d e x te r i t y  dem onstra ted.
Test 6 a i i i  i s  a ls o  a com posite score  and re p re s e n ts  th e  r e la t iv e  
e r r o r  tim e  d u r in g  a hand-eye c o -o rd in a t io n  ta s k  in v o lv in g  f in e  
c o n tro l o f  th e  hand and f in g e r s .  As such t h is  ta s k  a ls o  
re q u ire s  a f a i r  degree o f s te a d in e s s  s ince  undue shak ing  o f  th e  
hand w ou ld  s im i la r ly  cause e r ro rs  to  be counted.
The two te s ts  are  p o s i t iv e ly  c o r re la te d  in d ic a t in g  th a t  
e r r o r s  caused on th e  "s te a d in e s s "  c i r c u i t  a re  echoed by e r ro r s  
i n  th e  m aintenance o f an even p e r io d ic i t y  in  th e  f in g e r  
d e x te r i t y  ta s k . I t  i s  f e l t  th a t  th e  common ground o f  these two 
te s t s  in v o lv e s  t h e i r  m otor ra th e r  tha n  t h e i r  p e rc e p tu a l a sp e c ts ;
Page 109
more p re c is e ly ,  the  trem or accompanying v o lu n ta ry  movement. In  
most ta sks  t h i s  would be to o  s m a ll to  be o f any im portance b u t 
in  these p a r t ic u la r  ta s k s , designed to  t e s t  f in e  m otor c o n t r o l ,  
t h i s  trem or r e s u l t s  in  in v o lu n ta ry  m o tion  d u r in g  e x e c u tio n  o f 
th e  task  w h ich  a f fe c ts  th e  f i n a l  outcome d e t r im e n ta l ly .
A lthough both ta sks  in v o lv e  th e  c o -o rd in a t io n  o f f in e  hand 
and f in g e r  movements w i t h in  a d e s ign a te d  ta s k , s im i la r i t ie s  
o th e r  than  m otor c o n tro l a re  n o t so o bv iou s . Test 5a7b re q u ire s  
sequenced movements to  a re g u la r ,  s e lf- im p o s e d , tem pora l p a t te rn  
w h i ls t  te s t  6 a i i i  re q u ire s  movements to  an i r r e g u la r ,  imposed, 
s p a t ia l  p a t te rn .  I t  i s  because o f these d is s im i la r i t ie s  in  th e  
p e rce p tu a l requ irem en ts  o f th e  te s ts  th a t  the  emphasis f o r  t h i s  
f a c to r  has been put on t h e i r  m o to r aspec ts .
In  p a th o lo g ic a l cases o f c e r ta in  c e re b e lla r  le s io n s ,  marked 
tre m o r, o f te n  accompanied by h y p o to n ia , can be seen. T h is  i s  
due to  th e  lo s s  o f the  c e re b e llu m 's  m o d ify in g  in f lu e n c e  on th e  
m otor c o rte x  (B e l l ,  Davidson & E m s lie -S m ith , 1972). W h ils t th e  
trem or be ing  desc ribe d  he re  does n o t beg in  to  approach th e  
a m p litud e  o f c e re b e lla r  a ta x ia ,  im p e rc e iv a b le  damage to  th e  
ce rebe llum  due to  a no x ia  a t  b i r t h  (a s  was suggested above 
conce rn ing  th e  c e re b ra l c o r te x )  co u ld  r e s u l t  in  a le s s  o bv iou s  
b u t p h y s ic a lly  s im i la r  " in t e n t io n "  tre m o r. I t  i s  a ls o  p o s s ib le  
t h a t  the  cause o f the  trem or may l i e  in  a f a u l t  o f the  muscle 
s p in d le  system which i s  th o u g h t to  have a sm oothing a c t io n  on 
v o lu n ta ry  movement. In  w h ich e ve r o f th e  two s i te s  th e  cause o f 
th e  trem or may l i e ,  i t  w ould  s t i l l  appear th a t  t h is  i s  a 
predcaminantly m otor f a c to r .
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In  summary, F a c to r 4 i s  a m otor fa c to r ,  th e  im portance  o f 
w h ich  o n ly  becomes appa ren t when d e a lin g  s p e c i f i c a l l y  w ith  ta s k s  
re q u ir in g  v o lu n ta ry ,  f in e  m otor a d jus tm en ts . I t  i s  no t 
concerned ju s t  w ith  the  f in e  ad jus tm en ts  per se b u t w ith  a
d y s fu n c t io n  o f  th e  sm oothing c i r c u i t  o v e r la y in g  these
a d ju s tm e n ts .
F a c to r 5. : l e i i i ,  -8 a , 6b
F a c to r 5 accounted f o r  a p p ro x im a te ly  10$ o f  th e  v a ria n c e  
re m a in in g  in  th e  d a ta .
Test l e i i i  was a s t a t i c  balance te s t  in  w h ich  th e  normal 
v is u a l cues a re  d is tu rb e d  by a co n s ta n t moving o f  th e  head.
T h is  makes i t  d i f f i c u l t  to  fo c u s  th e  eyes on any p o te n t ia l ly  
s t a b i l i z in g  o b je c t .  (M o v ^ e n t o f th e  head to  lo o k in g  up a t  th e  
c e i l in g  i n  one o f th e  o th e r s t a t ic  balance te s ts  in  th e  o r ig in a l
b a t te ry  proved so d is tu r b in g  to  m a in ta in in g  ba lance th a t  i t  was
d is re g a rd e d  due to  th e  h e a v ily  skewed d is t r ib u t io n  o f  scores 
th a t  i t  p ro du ce d .) T es t 8a i s  W i tk in 's  E .F .T . , th e  n e g a tive  s ig n  
in d ic a t in g  th a t  a s h o r te r  tim e  to  com plete th e  te s t  ( in c re a s in g  
f ie ld - in d e p e n d e n c e ) i s  a s s o c ia te d  w ith  th e  a b i l i t y  t o  balance in  
th e  absence o r d is tu rb a n c e  o f v is u a l cues. A p o s s ib le  argument 
t o  fo l lo w  from  t h is  a s s o c ia t io n  i s  th a t  people who a re  used to  
r e ly in g  p re d o m in a n tly  on v is u a l cues ( th e  f i e l d )  become more 
d is o r ie n ta te d  upon t h e i r  rem ova l. Test 6b i s  th e  sco re  on th e  
R otary  P u rs u it  ta s k  ( t im e  in  c o n ta c t w ith  the  t a r g e t ) .  A h ig h  
score  corresponds 'to  a g re a te r  hand-eye c o -o rd in a t iv e  s k i l l ,  i t s  
n e g a tiv e  c o r r e la t io n  w ith  t e s t  8a in d ic a t in g  t h a t  th e  more
Page 111
f i e l d - In d e pendent s u b je c ts  have g re a te r  hand-eye c o -o rd in a t io n .  
S ince n e ith e r  Test 8a nor Test 6b re q u ire  ba lance , i t  would seem 
e v id e n t th a t  th e  shared aspect o f  these te s ts  must be t h e i r  
v is u a l dependency.
Due to  th e  c o n s tru c t io n  o f  th e  Rotary P u rs u it  appa ra tus , 
th e  speed o f  th e  l i g h t  "a lo n g " th e  s ta r  s te n c i l  v a r ie s  even 
though th e  a n g u la r v e lo c i t y  o f th e  u n d e rly in g  ro d  i s  co n s ta n t. 
T h is  produces th e  e f fe c t  o f th e  l i g h t  speeding up a t  th e  p o in ts  
o f  th e  s ta r  and s lo w in g  down a lo n g  th e  s t r a ig h t  s e c tio n s . The 
change in  v e lo c i t y ,  however, has a re g u la r  p e r io d ic i t y  and can 
be pe rce ive d  d e s p ite  th e  im p re ss io n  th a t  th e  l i g h t  "s h o u ld " 
t r a v e l  up and down th e  l in e s  o f  th e  s ta r  a t  a c o n s ta n t speed. 
A lthough th e  R otary P u rs u it  a pp a ra tu s  i s  c la s s ic a l ly  regarded as 
a te s t  o f hand-eye c o -o rd in a t io n ,  i t  i s  f e l t  t h a t  i t s  in c lu s io n  
w i t h in  t h i s  fa c to r  has l i t t l e  to  do w ith  i t s  m o to r fo l lo w in g  
a spe c ts  a t  a l l .  In s te a d , i t  i s  th o u g h t th a t  th e  a b i l i t y  to  
d is s o c ia te  v is u a l ly  the  a c tu a l speed o f th e  l i g h t  from  the 
expected speed o f th e  l i g h t  i s  th e  common aspect i t  shares w ith  
th e  o th e r two te s ts ;  i . e .  i t  s iia re s  the  a b i l i t y  n o t to  be 
d is t r a c te d  by th e  i r r e le v a n t  p a r ts  in  a v is u a l d is p la y .  Test 8a 
i s  te s t in g  t h i s  a b i l i t y  by d e f in i t i o n  and T est l e i i i  
dem onstra tes t h i s  a b i l i t y  in  t h a t  th e  s u b je c t i s  a b le  to  d is m is s  
co n fu s in g  v is u a l cues and e i t h e r  e x tra c t  th e  u s e fu l ones (e .g . 
th e  v e r t ic a l  l in e s )  o r  r e ly  in s te a d  on k in a e s th e t ic  cues.
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In  summary, F a c to r 5 i s  th e  a b i l i t y  to  d is m is s  i r r e le v a n t  
o r  ambiguous v is u a l in fo rm a tio n  and to  fo c u s  in s te a d  on cues 
t h a t  a re  im p o rta n t w ith  re sp ec t to  th e  ta s k  in  hand.
F a c to r 6 : - B d i i i ,  -8 a , -10d , - 6 c i i i
F a c to r 6 accounted f o r  a p p ro x im a te ly  8$ o f  th e  rem a in ing  common 
v a r ia n c e .
Test 8 d i i i  i s  th e  R .P .E .accuracy measure from  repeated 
e f f o r t  e s tim a te s  a t  the  same w ork load  thu s  a low sco re  is  
in d ic a t iv e  o f h igh  accuracy o f p e rc e p tio n . Test 8a i s  the  
E .F .T . measure. Test lOd i s  th e  tim e d if fe re n c e  between th e  
cho ice  l i g h t  re a c t io n - t im e  te s t  and the  "any l i g h t "  
r e a c t io n - t im e  t e s t ;  i . e .  i t  re p re s e n ts  th e  cho ice  tim e . 6 c i i i  
i s  th e  nunber o f e x tra  s teps  ta ke n  in  th e  "s te p p in g -s to n e " t e s t  
th u s  a b i ^  score  i s  in d ic a t iv e  o f poor movement c o n tro l.
D esp ite  be ing  a seem ingly lo g ic a l  co m b ina tion  o f v a r ia b le s ,  
th e  te a s in g -o u t o f t h e i r  ccmmon p e rc e p tu a l-m o to r a b i l i t y  i s  n o t 
a t  a l l  s t ra ig h t fo rw a rd .  Three o f th e  te s ts ,  8a, lOd and 6 c i i i ,  
a l l  re q u ire  d is c r im in a to ry  v is u a l fu n c t io n in g  w ith  8a and lOd i n  
p a r t ic u la r  sh a rin g  a need f o r  v is u a l p a t te rn  d is c r im in a t io n ;  
i . e .  a p a r t ic u la r  p a t te rn  i s  be ing  sought from  an a rra y  
c o n ta in in g  wrong o r  m is le a d in g  in fo rm a tio n .  I t  cou ld  s im i la r ly  
be argued th a t  th e  a b i l i t y  to  see item s as d is c re te  y e t  in te g r a l  
p a r ts  o f a whole p a t te rn  w ou ld  a llo w  a n t ic ip a t io n  o f  the  
d i r e c t io n  in  w h ich  one has to  move n ex t, thu s  caus ing  few er 
m is ta ke s  in  T est 6 c i i i .
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Test 8 d i i i  re q u ire s  no v is u a l fu n c t io n in g  w ha tsoever. I t  
i s  e s s e n t ia l ly  a measure o f th e  c la r i t y  o f p e rc e p tio n  o f th e  
a rra y  o f  k in a e s th e t ic  and p ro p r io c e p t iv e  cues p e r t in e n t  to  th e  
e s t im a tio n  o f  th e  degree o f fa t ig u e .  Fu rthe rm ore , bo th  T es ts  8a 
and 6 o i i i  may b o th  be m easuring th is  same body awareness; 6 c i i i  
s ince  i t  w ou ld  be necessary to  enable a p p ro p r ia te  l im b  movement 
to  la n d  p ro p e r ly  upon th e  "s to n e s " and 8a s ince  r e la t i v e ly  
g re a te r  re l ia n c e  on p ro p r io c e p t iv e  cues (as  i s  im p lie d  from  
W itk in 's  o r ig in a l  c o n c e p tio n  o f f ie ld - d e pendenee/independence) 
would te n d  to  cause g re a te r  awareness o f  p ro p r io c e p t iv e  cues. 
Test lOd; however, has no need o f sud i cues.
One i s  l e f t ,  th e n , w ith  something o f  a dilemma. Four 
v a r ia b le s  have been grouped to g e th e r from  which o n ly  groups o f 
th re e  have a n y th in g  i n  common. I t  i s  suggested, th e re fo re ,  th a t  
t h is  f a c to r  must re p re s e n t some form o f in te g r a t io n  o f sensory 
fu n c t io n ,  bo th  v is u a l and k in a e s th e t ic .
In  sunmary, F a c to r 6 is  a m ix tu re  o f v is u a l and 
p r o p r io c e p t iv e /k in a e s th e t ic  awareness and would seem to  be 
in d ic a t iv e  o f th e  t ru e  " a r t ic u la te d "  c o g n it iv e  s ty le .
F a c to r 1  : la ,  - 8 d i i i
T h is  f a c to r  accounted f o r  a pp ro x im a te ly  8$ o f the  v a ria n c e  
re m a in in g  in  th e  d a ta .
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Test la  was from  the  s t a t ic  balance te s t  b a t te ry  and 
re q u ire s  th e  s u b je c t to  stand w ith o u t im balance on both fe e t  
when no v is u a l cues a re  a v a i la b le .  Test 8 d i i i ,  as described  
above, i s  th e  R.P. E. accuracy sco re . The co m b ina tio n  o f these 
te s t s  i s  such th a t  as R .P,E. accuracy in c re a s e s  so the  s k i l l s  
dem onstra ted  i n  th e  balance ta sk  in c re a s e  a ls o .
H aving a lre a d y  argued th a t  Test B d i i i  i s  e s s e n t ia l ly  one o f 
in te r o c e p t iv e  and p ro p r io c e p t iv e  awareness, i t  w ou ld  appear th a t  
F a c to r  7 i s  ju s t  t h a t ;  th e  a b i l i t y  to  p e rce ive  cues p e r ta in in g  
t o  th e  g e n e ra l s ta te ,  bo th  in te r n a l and e x te rn a l,  o f  th e  body. 
These cues w ou ld  then  feed  back to  a llo w  a p p ro p r ia te  changes i n  
th e  m otor o u tp u t p a t te rn .  I t  fo l lo w s  th a t  such changes can o n ly  
be a p p ro p r ia te  to  needs i f  the  k in a e s th e t ic  in fo rm a t io n  is  
c o r r e c t ly  p e rc e iv e d .
In  summary, F a c to r 7 is  th e  awareness o f body 
p o s i t io n /o r ie n ta t io n  and p h y s io lo g ic a l s ta te  w h ich  becomes th e  
feedback  to  F a c to r 3 .
F a c to r â  : -2 c ,  -2 a , -5a7a, 8b, - 8 d i i i
T h is  f a c to r  accounted f o r  the  f i n a l  7$ o f  the  common va ria nce  i n  
th e  d a ta .
Test 2c i s  p a r t  o f the  dynamic balance b a t te ry  and i s  a 
fo rm  o f  o b s ta c le  course, scored in  e r ro rs  (see append ix B f o r  
d e t a i ls  o f  th e  s c o rin g  p ro ced u re s ). Test 2a i s  a ls o  p a r t  o f th e  
o r ig in a l  dynamic balance b a tte ry  and in v o lv e s  w a lk in g  in  a 
s t r a ig h t  l i n e ,  b l in d fo ld e d ,  a f t e r  be ing  d is o r ie n ta te d  (see
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append ix B ). I t  i s  scored as th e  d is ta n c e  d ev ia te d  from  a 
c e n tre  l in e  a f t e r  hav ing  w alked te n  m e tres , thus a low score  i s  
in d ic a t iv e  o f g re a te r  accuracy. T es t 5a7a i s  a com posite sco re  
from  a nunber o f t r i a l s  in  w h ich  f a s t  f in g e r  drumming was 
re q u ire d  (a g a in , see appendix B f o r  d e t a i ls ) .  I t  i s  scored such 
th a t  a lew sco re  i s  in d ic a t iv e  o f g re a te r  f in g e r  c o n tro l.  T es t 
8b i s  one o f the  body awareness te s ts  and i s  c lo s e ly  re la te d  to  
th e  b o d y -b a r r ie r  sco re  o f th e  f i r s t  p a r t  o f the  s tudy . I t  
concerns th e  c o n s ta n t sense o f th e  s e l f  as a separa te  e n t i t y  
from  i t s  su rround ings  and u t i l i z e s  som atic  and k in a e s th e t ic  
p e rc e p tio n s  in  c re a tin g  t h i s  sense o f id e n t i t y .  Test B d i i i  has 
a lre a d y  been desc ribe d  above and i s  th e  R .P.E. accuracy sco re .
Two o f th e  te s ts ,  8b and B d i i i ,  re q u ire  the  concen tra ted  
a p p l ic a t io n  o f a t te n t io n  to  th e  v a r io u s  p e rc e p tio n s  in  o rd e r 
e i th e r  to  ra te  the  le v e l o f  some o f these  p e rc e p tio n s  o r to  
w r i te  down ju s t  what i s  be ing  p e rc e iv e d . T h is  a b i l i t y  to  narrow 
th e  a t te n t io n  upon demand i s  a v i t a l  p a r t  o f any s p o rts  pe rson ’ s 
re p e to ire  o f a b i l i t i e s  (N id e f fe r ,  1979).
N id e ffe r  (1976a) proposed th a t  people dem onstrated a 
p re d is p o s it io n  tow ard a p a r t ic u la r  a t te n t io n a l s ty le ,  t h is  b a s ic  
p re d is p o s it io n  be ing  o v e r la id  w ith  changes in  a t te n t io n a l s ta te  
depending on th e  re q u irem en ts  o f  a s p e c i f ic  s i tu a t io n  and th e  
pe rson ’ s a b i l i t y  to  change a t te n t io n a l  mode as a p p ro p r ia te . He 
cons ide red  t h is  s ty le  as e x is t in g  a long  two d im ensions, w id th  
and d ir e c t io n .  W idth o f a t te n t io n  re fe r re d  to  "b road ” ve rsus  
"n a rro w " w h i ls t  d ir e c t io n  re fe r re d  t o  w hether the  focus  o f 
a t te n t io n  was on "e x te rn a l"  e v e n ts  o r  " in t e r n a l "  tho u gh ts  o r
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se n sa tio n s . D esp ite  th e  w ide p u b l ic i t y  a ffo rd e d  t h i s  model (due 
p r in c ip a l ly  to  N id e f fe r  h im s e lf ) ,  Van Schoyck & Grasha (19B1) 
suggest h is  da ta  d id  n o t in  f a c t  y ie ld  th e  nea t, tw o -d im e ns ion a l 
model th a t  he read in t o  i t .  U sing bo th  N id e f fe r * s  o r ig in a l  d a ta  
and t h e i r  cwn w h ich  in c lu d e d  a s p o r ts - s p e c if ic  v e rs io n  o f 
N id e f fe r * 8 Test o f A t te n t io n a l and In te rp e rs o n a l S ty le  (T A IS ), 
they  shewed th a t  th e  d i r e c t io n  o f fo cu s  was n o t p a r t i c u la r ly  
im p o rta n t and th a t  th e  d im ens ion  o f w id th  cu t a c ro ss  in te r n a l  
and e x te rn a l o r ie n ta te d  s i tu a t io n s .  F u rthe rm ore , w id th  was n o t 
u n i-d im e n s io n a l b u t, a t  le a s t ,  b i-d im e n s io n a l. W ith  re fe re n c e  
to  e a r l ie r  work on a t te n t io n  (n o ta b ly  th a t  o f W ach te l, 1967) 
they  proposed th a t  th e  two d im ensions a re  **8can** and "focus**.
The w id th  o f scan r e fe r s  t o  th e  amount o f in fo rm a tio n  w i t h in  th e  
s tim u lu s  f i e l d ,  bo th  in te r n a l  and e x te rn a l,  th a t  i s  processed. 
The w id th  o f fo cu s  r e fe r s  to  th e  nunber o f p e rce ive d  fa c to r s  
th a t  can be used s im u lta n e o u s ly  to  c re a te  a u n i f ie d  
unde rs tand ing  o f  th e  s t im u lu s  f i e l d .
R e tu rn ing  to  F a c to r 8 , a l l  the  te s ts  re q u ire  a r e la t i v e ly  
narrcw focu s  o f  a t te n t io n ;  i . e .  none o f them re q u ire  la rg e  
amounts o f in fo rm a tio n  t o  be processed a t  the  same tim e . (One 
has to  be c a re fu l here  to  remember th a t  broad and narrcw  a re  
r e la t iv e  term s and th u s  open to  a m b ig u ity . In  th e  p re sen t 
co n te x t, however, a b road  fo c u s  re fe r s  to  th a t  needed f o r  h ig h ly  
complex ta s k s  such as d r iv in g  i n  busy t r a f f i c  o r  ju d g in g  th e  
speed and d ir e c t io n  o f  one’ s ru n  to  make a ta c k le  th e  in s ta n t  
a f t e r  you r opponant ca tch e s  th e  b a l l .  ) A lthough  i t  i s  n o t known 
how many d is c re te  s e n s a tio n s  go tow ard a r a t in g  o f e f f o r t ,  such
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s e n s a tio n s  w ou ld  be p re sen t, i f  not c o n s c io u s ly  p e rce ive d , 
d u r in g  any a c t i v i t y  and must th e re fo re  be cons ide red  as 
r e q u ir in g  a more narrow focus o f a t te n t io n .  Of th e  o th e r te s ts ,  
a l l  re q u ire  th e  c o n c e n tra t io n  o f fo cu s  o n to  a narrow band o f 
v a r ia b le s  and a l l  b u t 8b re q u ire  a narrcw  scan o f  e i th e r  th e  
e x te rn a l o r  in te r n a l  f ie ld s .
In  sunmary. F a c to r 8 i s  th e  a b i l i t y  to  co n c e n tra te  th e  
a t t e n t io n  in t o  a narrow focus in  o rd e r to  deal th e  more 
e f f e c t iv e ly  w ith  a p a r t ic u la r  problem ; t h i s  a ls o  im p lie s  th e  
a b i l i t y  t o  cu t out ex traneous and d iv e r t in g  e ve n ts .
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2 .4 .3  Summary o f fa c to r  in te rp re ta t io n s .
A b i l i t y  1: th e  a b i l i t y  t o  fo rm u la te  a p e rce p tu a l model o f  th e
s t ru c tu re  o f th e  e n v iro n n e n t w ith  w hich to  p la n  th e  a p p ro p r ia te  
movement o u tp u t and to  p u t t h i s  p la n  in t o  e f f e c t .  A ccoun ting  
f o r  n e a r ly  30% o f  th e  d a ta  v a r ia n c e , t h i s  i s  th e  n e a re s t one 
cou ld  g e t to  an o v e r a l l ,  s in g le  p e rc e p tu a l-m o to r a b i l i t y .
E ith e r  a p ra x ia  o r agnos ia  w ou ld  shew up as d e f ic i t s  in  t h i s  
a b i l i t y .
A b i l i t y  2 : th e  degree o f  "ease" accompanying in vo lvem en t in
0 iy s ic a l a c t i v i t y .
A b i l i t y  3 : th e  t r a n s la t io n  o f  k in a e s th e t ic  feedback in t o
a p p ro p r ia te  movement p a t te rn s .
A b i l i t y  4 : th e  la c k  o f  tre m o r o r shake accompanying f in e  m otor
v o lu n ta ry  movements.
A b i l i t y  5 : th e  a b i l i t y  to  d is m is s  i r r e le v a n t  o r ambiguous
v is u a l in fo rm a tio n ;  v i r t u a l l y  a v is u a l f i e l d-independenee.
A b i l i t y  6 : an in te g r a t io n  o f  v is u a l and k in a e s th e t ic  awareness;
an a r t ic u la te d  p e rc e p tu a l s t y le .
A b i l i t y  7 : th e  awareness o f in te ro c e p t iv e  and p ro p r io c e p t iv e
cues; th e  feedback lo o p  t o  a b i l i t y  3 .
A b i l i t y  8 : th e  a b i l i t y  t o  use a narrow focus  o f  a t te n t io n .
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2.4.4  F ac to r score c o r re la t io n s .
The v a r io u s  fa c to r  in te r p r e ta t io n s  suggest th a t  th e re  may 
w e ll be an o v e r la p  o f  the  fu n c t io n s  they re p re s e n t and th a t  t h i s  
should  m a in fe s t i t s e l f  w ith  c o r re la t io n s  amongst th e  fa c to r  
sco res . The reasons f o r  these c o r re la t io n s  a re  tw o - fo ld .  The 
f i r s t  i s  th a t  s in ce  an o b liq u e  r o ta t io n  was used i n  th e  f a c to r  
a n a ly s is ,  th e  p o s s ib i l i t y  th a t  c o rre la te d  fa c to r s  w ou ld  be 
e x tra c te d  was a lw ays p re s e n t. T h is  p o s s ib i l i t y  was p ro ba b ly  
a m p lif ie d ,  hew e v e r, by th e  second reason, namely th a t  th e  
a b i l i t y  sco res  w ere c o n s tru c te d  frcm  a sm a ll number o f v a r ia b le s  
(o n ly  those  v a r ia b le s  th a t  loaded  s ig n i f ic a n t ly  on each fa c to r )  
and some o f these  were common to  more than  one f a c t o r .  D e sp ite  
th e  d i f f e r e n t  w e ig h tin g s  used in  the  c a lc u la t io n  o f  th e  v a r io u s  
fa c to r  sco res , t h i s  r e p e t i t io n  would tend  to  in c re a s e  the  fa c to r  
score c o r r e la t io n s .
A l l  s ig n i f ic a n t  c o r r e la t io n s  (see S e c tio n  2 .3 .4 )  were w ith  
F ac to r 6 , d e fin e d  as re p re s e n tin g  a r t ic u la te d  p e rc e p tu a l s t y le  
o r w ith  F a c to r 8 , d e fin e d  as th e  a b i l i t y  t o  use a narrcw  fo cu s  
o f  a t te n t io n .
A b i l i t y  6 ;
G iven W itk in ’ s c la im s  co nce rn in g  th e  a l l- p e rv a s iv e  n a tu re  o f 
t h is  c o n s tru c t i t  shou ld  n o t be s u rp r is in g  to  le a rn  th a t  i t  
o ve rla p s  a number o f  o th e r a b i l i t i e s .  The s ig n i f ic a n t  
c o r re la t io n s  o f  A b i l i t y  6 sco re s  a re  those w ith  A b i l i t i e s  1, 5 ,
7 and 8, The f i r s t  th re e  o f these a b i l i t i e s  concern  p e rc e p tio n  
and d is c r im in a t io n ;  5 o f v is u a l cues, 7 o f  k in a e s th e t ic  cues and
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1 uses both  v is u a l and k in a e s th e t ic  cues to  c re a te  a p e rce p tu a l 
model o f the  e n v iro im e n ta l s t ru c tu re .  ( A b i l i t y  8 w i l l  be 
d iscussed b e lc w .) T h is  suggests  th a t  A b i l i t y  6 may w e ll  
re p re se n t an in te g r a t io n  o f  th e  o the rw ise  sepa ra te  p e rce p tu a l 
m o d a li t ie s .
A b i l i t y  8 :
A b i l i t y  sco re  8 had s ig n i f ic a n t  c o r re la t io n s  w ith  sco res  2 , 6 
and 7; these  were a l l  p o s i t iv e .  A b i l i t y  2 was in te r p r e te d  as 
th e  m aintenance o f r e la x a t io n  o r ease d u r in g  th e  perform ance o f 
a p h y s ic a lly  a c t iv e  ta s k  th u s  th e  p o s it iv e  c o r r e la t io n  in d ic a te s  
th a t  th is  la c k  o f  a ro u sa l is  a ssoc ia te d  w ith  an a b i l i t y  to  
change to  o r m a in ta in  a narrow a t te n t io n .  T h is  r e la t io n s h ip  
seems, th e re fo re ,  somewhat odd in  th a t  h i ^  a ro u sa l o r a n x ie ty  
i s  no rm a lly  a s s o c ia te d  w ith  a na rrcw ing  o f  p e rc e p tu a l a t te n t io n .  
Van Schoyck & Grasha (1 9 81 ), however, suggest th a t  the  e f fe c ts  
o f  o v e r-a ro u s a l on th e  a t te n t io n  a re  d i f fe r e n t  depending on 
w hether one i s  c o n s id e r in g  th e  focus o f a t te n t io n  o r  the  scan o f  
a t te n t io n .  They agree w ith  th e  c la s s ic a l a s s o c ia t io n  o f the  
fo cu s  o f a t te n t io n  na rro w in g  under s tre s s  bu t r e fe r  to  the  
s u b je c t iv e  l a b i l i t y  o f  scan o f  a t te n t io n  under such c o n d it io n s .  
That is ,  th e  a t te n t io n  seems to  f l i t  from p o in t  to  p o in t in  th e  
f i e l d  ( e i t h e r  e x te rn a l o r in t e r n a l ) .  At the  same tim e , th e  
focu s  o f a t te n t io n  narrow s th u s  making i t  a l l  th e  more d i f f i c u l t  
to  a s s im ila te  a l l  these  sepa ra te  p o in ts  o f in fo rm a tio n  in t o  a 
coherent w h o le .
A lthough emphasis f o r  a b i l i t y  8 has so f a r  tended to  be p laced  
more on th e  fo c u s  o f  a t te n t io n ,  i t  may be th a t  i t  i n  f a c t
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concerns th e  scan o f a t te n t io n  e i th e r  in s te a d  o f  o r  as w e ll  as 
th e  fo c u s . I f  t h i s  i s  th e  case then  th e  a s s o c ia t io n  between 
A b i l i t i e s  2 and 8 may be due to  th e  scan e le m en t; i . e .  the  more 
re la x e d  a person  i s  when p a r t ic ip a t in g  th e  b e t te r  ab le  they a re  
t o  reduce th e  a t te n t io n a l scan to  th e  e lem en ts  o f  th e  f i e l d  th a t  
a re  o f im p o rta nce .
N id e f fe r  has worked w ith  v a r io u s  w o r ld - c la s s  p ro fe s s io n a l 
s p o r ts  p eop le , h is  emphasis be ing  on te a c h in g  them to  be ab le  to  
c o n t ro l th e  w id th  and d ir e c t io n  o f t h e i r  a t t e n t io n  in  o rd e r to  
use i t  o p t im a lly  d u r in g  th e  d i f f e r e n t  jAiases o f  t h e i r  game 
( N id e f fe r ,  1976b). The b a s is  beh ind much o f th e  w id th  c o n tro l 
i s  th e  r e la x a t io n  o f th e  a th le te  d u r in g  th e  game f o r  which he 
advoca tes c e r ta in  b re a th in g  te ch n iq u e s . These a re  s im i la r  to  
th e  deepening and s le w in g  o f b re a th in g  a s s o c ia te d  w ith  most 
r e la x a t io n  and m e d ita t io n  te ch n iq u e s . What N id e f fe r  i s  
s u g g e s tin g , th e re fo re ,  i s  th a t  by c o n t r o l l in g  o ne ’ s b re a th in g  
one can reduce the  f l i t t i n g  o f one’ s a t t e n t io n a l  scan to  and f r o  
a c ro ss  p e rc e p tio n s  th a t  a re  no t o n ly  unnecessary b u t p o te n t ia l ly  
ha rm fu l to  one’ s game (e .g .  movements in  th e  crowd o r  one’ s 
opponen t’ s a n t ic s ) .
A b i l i t i e s  6 and 7 bo th  share Test 8 d i i i  (R . P. E .accuracy) 
w ith  A b i l i t y  8 . I t  i s  l i k e l y ,  th e re fo re ,  th a t  th e  p e rcep tua l 
c l a r i t y  b e in g  te s te d  by Test 8 d i i i  i s  enhanced by th e  a b i l i t y  to  
change to  o r m a in ta in  a narrcw focus  o r  scan o f  a t te n t io n .
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The c o r re la t io n s  o f a b i l i t y  sco res  6 and 8 w ith  the  o th e r 
a b i l i t y  scores i s  in d ic a t iv e  o f  a h ig h  le v e l o f shared v a r ia n c e  
w ith  them (by d e f in i t io n ) .  In  th e  fa c to r  e x tra c t io n ,  however, 
th e  percentage va ria n ce  a s c r ib e d  to  these two fa c to rs  was n o t 
p a r t i c u la r ly  h igh  (8% and 7% r e s p e c t iv e ly ) .  A lthough these 
percen tages a re  app rox im a te  s in c e  th e  co m p o s itio n  o f the  fa c to r s  
was changed s l i g h t l y  frcm  th e  o r ig in a l  e x t r a c t io n ,  they s t i l l  do
n o t appear to  j u s t i f y  th e  nunber o f h ig h ly  s ig n i f ic a n t
c o r r e la t io n s  th a t  these  two a b i l i t y  sco res made w ith  the  o th e rs . 
The reason f o r  t h is ,  hcwever, i s  q u i te  s tra ig h t fo rw a rd  and i s  t o
do w ith  th e  n a tu re  o f th e  f a c to r  e x tr a c t io n .  When the  f i r s t
fa c to r  i s  e x tra c te d , i t  ta ke s  w ith  i t  a l l  the  va ria n ce  th a t  i t  
shared w ith  any o f th e  o th e r f a c to r s .  I f ,  then , a fa c to r  th a t  
c o r re la te s  h ig h ly  w ith  a no the r i s  e x tra c te d  e a r ly  on in  th e  
a n a ly s is ,  f o r  example as f a c to r  2 , th e  v a r ia n c e  th a t  the  
re m a in in g  fa c to r  would have accounted f o r  i s  suddenly reduced 
(s in c e  two o r more fa c to r s  can n o t account f o r  the  same v a r ia n c e  
o r more than  100% o f  the  v a r ia n c e  would be f i n a l l y  accounted 
f o r ;  an im p o ss ib le  s i t u a t io n ) .  Thus, a ltho u gh  the  h ig h ly  
c o r re la te d  fa c to r  w ould  have accounted f o r  a la rg e  p ro p o r t io n  o f 
th e  da ta  v a ria n c e  had i t  been e x tra c te d  f i r s t ,  i t  i s  
p ro g re s s iv e ly  reduced by th e  p re ced in g  e x t r a c t io n  o f o th e r 
fa c to r s  u n t i l  th e re  i s  l i t t l e  v a r ia n c e  l e f t  in  th e  data f o r  i t  
t o  e x p la in .
I t  i s  p o s s ib le , however, t o  a r r iv e  a t  an e s tim a te  o f the  
v a r ia n c e  th e  fa c to r  would have e xp la in e d  by sunming th e  " b i t s "  
o f  v a ria n c e  th a t  i t  had shared w ith  the  p reced ing  fa c to r s  in  th e
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e x tr a c t io n .  Each " b i t "  i s  c a lc u la te d  from  the  p rodu c t o f th e  
square o f the  m utua l c o r r e la t io n  c o e f f ic ie n t  w ith  th e  percentage 
o f va ria n c e  a s c r ib e d  to  th e  e a r l ie s t  e x tra c te d  f a c to r .  In  
i l l u s t r a t i o n ,  to  c a lc u la te  th e  tru e  percentage o f va ria n ce  
accounted f o r  by F a c to r 6 one would  take  i t s  g iv e n  percentage 
v a ria n c e  (8%) and add i t  to  i t s  " b i t "  o f  F a c to r 1 (0.6501 ^ X 
28%), i t s  " b i t "  o f  F a c to r 2 (0 .28 4 8^ X 17%) and so on up to  and 
in c lu d in g  F a c to r 5 . T h is  in d ic a te s  th a t  had f a c to r  6 been 
e x tra c te d  f i r s t  th e n  i t  w ou ld  have accounted f o r  a p p ro x im a te ly  
25% o f th e  common da ta  v a r ia n c e . Th is  f ig u r e  matches more 
c lo s e ly ,  perhaps, th e  nunber o f  c o r re la t io n s  th a t  t h is  a b i l i t y  
has w ith  th e  o th e rs .
When s im i la r  c a lc u la t io n s  a re  made fo r  a l l  the  fa c to r s  th e  
fo l lo w in g  ta b le  i s  a r r iv e d  a t :









Table 2 . 4 . i :  "A pprox im ate  percentage va ria n ce  o f fa c to r s  when
o b liq u e n e ss  o f  e x t r a c t io n  a llo w e d  f o r . "
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The new e s tim a tio n s  o f th e  amount o f v a r ia n c e  accounted f o r  
by each fa c to r  g iv e  a b e t te r  in d ic a t io n  o f th e  im portance o f 
each a b i l i t y  they re p re s e n t in  p e rc e p tu a l-m o to r fu n c t io n in g .
The p e rc e p tu a l A b i l i t i e s  5 , 6 and 7 , f o r  example, can now be 
seen to  be mudi more i n f lu e n t ia l  in  th e  perform ance o f movement 
ta s k s  th a n  th e  m otor smoothness o f F a c to r 4 . The com b ina tion  o f  
these  v a r io u s  a b i l i t i e s  and t h e i r  r e la t iv e  im portance  w i l l  be 
co ns ide re d  below in  term s o f a model o f s k i l l e d  p h y s ic a l 
a c t i v i t y .
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2 .4 .5  Factor scores in  r e la t io n  to  phys ica l parameters.
Pearson c o r re la t io n s  o f  these  param eters w ith  the  fa c to r  
sco re s  were g ive n  in  Table  2 . 3 . v i .  The o n ly  fa c to r  scores 
d em on s tra ting  s ig n i f ic a n t  r e la t io n s h ip s  w ith  any o f these 
param eters were those o f A b i l i t i e s  1, 3 , 5 and 8 ; these  a re  
d e a lt  w ith  s e p a ra te ly .
A b i l i t y  1 :
Pearson c o r re la t io n s  showed s t a t i s t i c a l l y  s ig n i f ic a n t  (p < 0 .0 1 ) 
re la t io n s h ip s  w ith  bo th  w e ig h t and P . I . .  P a r t ia l  c o r r e la t io n ,  
however, in d ic a te d  th a t  th e  v a r ia b le  w e ig h t both  caused th e  P . I .  
r e la t io n s h ip  and h id  a f u r t h e r  r e la t io n s h ip  o f F a c to r 1 sco res  
w ith  sex. Thus th e  tru e  r e la t io n s h ip s  were w ith  w e ig h t and sex 
w ith  both  l ig h t e r  people and male s u b je c ts  sco rin g  more h ig h ly  
(p  < 0 .005 , tw o - ta i le d ,  f o r  b o th ) .  I t  may be th a t  th e  la c k  o f 
m ovem ent-requirem ent awareness i t s e l f  i s  a ssoc ia te d  w ith  h e a v ie r  
peop le . A lthough u n l ik e ly  as a d i r e c t  l i n k ,  i t  cou ld  be 
p o s tu la te d  th a t  such a la c k  o f awareness r e s u l t s  in  i n e f f i c i e n t  
and in e f f e c t iv e  movement. T h is  r e s u l t s  in  low s e l f - e f f ic a c y  and 
s e lf-e s te e m  (Bandura, 1977; H a r te r ,  1978) which r e s u lts  in  le s s  
p a r t ic ip a t io n  i n  a c t i v i t i e s  r e q u ir in g  o v e r t  movements (Head, 
Wesson & Doust, 1987). Sud i a la c k  o f p a r t ic ip a t io n  cou ld  
r e s u l t  in  th e  g a in in g  o f  w e ig h t.  A l te r n a t iv e ly ,  i t  i s  p o s s ib le  
th a t  t h i s  tendency f o r  th e  h e a v ie r  s u b je c ts  to  score  more p o o rly  
th a n  d id  th e  l i g h t e r  s u b je c ts , in v o lv e s  th e  t im in g  o f  t h e i r  
movements. G re a te r lim b  segment in e r t i a ,  due to  th e  g re a te r  
w e ig h t,  would tend  to  slow movement down and may r e s u l t  in  a 
lo s s  o f e f fe c t iv e  c o -o rd in a t io n .  I f  t h is  were the  reason the n
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one would expect i t  to  have le a s  e f fe c t  as th e  movement i s  
rehearsed  s in ce  p ra c t ic e  would  a llo w  the  e a r l ie r  i n i t i a t i o n  o f 
movement in  a n t ic ip a t io n  o f  th e  g re a te r  lim b  i n e r t i a .  I t  co u ld  
f u r th e r  be suggested th a t  th e  reason f o r  the  male s u b je c ts  
d em on s tra ting  h ig h e r  sco res  (once w e ig h t had been a llo w e d  f o r )  
i s  s im i la r ly  to  do w ith  t h e i r  h ig h e r p a r t ic ip a t io n  ra te s  in  
p h y s ic a l a c t i v i t i e s  (S p o r ts  C o u n c il, 1981). T h is  h ig h e r  degree 
o f  p a r t ic ip a t io n  w ou ld  r e s u l t  in  more p ra c tic e  a t  e i th e r  
t r a n s la t in g  p e rc e p tio n s  in t o  a model, us ing  th a t  model to  p la n  
m otor o u tp u t o r  b o th .
A b i l i t y  3 :
Pearson c o r r e la t io n s  in d ic a te d  th a t  w e ig h t, P. I .  and sex were 
a sso c ia te d  w ith  F a c to r 3 sco re s . P a r t ia l c o r r e la t io n ,  however, 
shewed th a t  th e  a s s o c ia t io n  o f bo th  w e ig h t and P. I .  w ith  t h is  
f a c to r  score was due to  t h e i r  shared c o r r e la t io n  w ith  sex and 
th a t  n e ith e r  had any d i r e c t  r e la t io n s h ip .
The p o s i t iv e  c o r r e la t io n  between sex and th e  F a c to r 3 sco re  
in d ic a te s  th a t  the  women scored more h ig h ly  on t h i s  fa c to r  than  
d id  th e  men; i . e .  they  a re  b e t te r  ab le  to  use k in a e s th e t ic  cues 
i n  m a in ta in in g  a p a r t i c u la r  body shape o r o r ie n ta t io n .  [When 
th e  fo u r  dancers a re  removed frcm  the  fem ale g roup  th e re  i s  
s t i l l  a s ig n i f ic a n t  d if fe re n c e  (p < 0 .05 , tw o - ta i le d )  between 
th e  scores o f th e  two sexes, th u s  th e  d if fe re n c e  between them is  
n o t due m ere ly  to  th e  presence o f an extreme sub-group  w ith in  
th e  fem ale s u b je c ts . ]  I t  i s  p o s s ib le  th a t  the  reason  f o r  t h is  i s  
re la te d  to  th e  type  o f a c t i v i t i e s  " c la s s ic a l ly "  und e rtaken  by
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men and wonen. I t  was f e l t ,  however, th a t  som ething more 
i n t r i n s i c  th a n  mere t r a in in g  i s  in v o lv e d .
I t  was noted in  th e  f i r s t  p a r t  o f  th e  s tudy  th a t  women 
tended to  have h ig h e r body b a r r ie r  scores th a n  had th e  men 
[S e c t io n  1 .3 . 3 . ( b ) ] .  F is h e r & C leve land  (1958) in t e r p r e t  a h ig h  
B .B .S . as b e in g  in d ic a t iv e  o f no t o n ly  a g re a te r  awareness o f 
th e  body as a sepa ra te  e n t i t y  bu t a ls o  o f  a g re a te r  awareness o f  
th e  o u ts id e  o f th e  body (w h ich  would in c lu d e  in fo rm a t io n  frcm  
th e  j o in t s  and m uscles) compared to  awareness o f  th e  in s id e  
( i . e .  p e rc e p t io n  o f th e  c a rd io v a s c u la r sys tem ). The fa c t  th a t  
women sco re  more h ig h ly  on fa c to r  3 co u ld  w e l l  be connected to  
t h i s  g e n e ra lly  more he igh tened  awareness o f  th e  
m o v a n e n t- in d ic a t iv e  p e rce p tu a l cues. A lthough  t h is  sounds ve ry  
s im i la r  to  a measure o f f i e l d-dependence/independence in  which 
women a re  commonly h e ld  to  be more f ie ld -d e p e n d e n t,  i t  must be 
remembered th a t  th a t  d im ension i s  measured u s in g  te s ts  o f v is u a l 
d is c r im in a t io n  and i t  i s  consequently  assumed th a t  any o th e r 
p e rc e p tu a l mode w i l l  fu n c t io n  in  a l i k e  manner. These da ta , 
however, suggest th a t  women would be more f ie ld - in d e p e n d e n t than  
men were th e  d im ension  to  be measured u s in g  te s t s  o f 
k in a e s th e t ic  d is c r im in a t io n  in s te a d .
T h is  d if fe re n c e  in  s ty le  across d i f f e r e n t  p e rce p tu a l modes 
may account f o r  the  la c k  o f  " lo g ic a l "  a s s o c ia t io n  in  th e  fem ale 
s u b je c ts  between B .B .S . and E .F .T . sco res dem onstra ted in  p a r t  
one o f th e  s tu d y . Perhaps i t  should  a ls o  be noted th a t  A b i l i t y  
6 w hich was in te r p r e te d  as be ing  a measure o f th e  a r t ic u la te d  
p e rc e p tu a l s t y le ,  co n ta in ed  te s ts  bo th  o f v is u a l and
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k in a e s th e t ic  d is c r im in a t io n ;  no d if fe re n c e s  in  sco res between 
th e  sexes were dem onstra ted .
A b i l i t y  5 :
Pearson c o r r e la t io n  in d ic a te d  a nega tive  a s s o c ia t io n  o f A b i l i t y  
5 w ith  age; i . e .  th e re  i s  a le s s e n in g  o f  v is u a l d is c r im in a t io n  
w ith  age. I t  i s  u n l ik e ly ,  g iv e n  th e  r e la t iv e ly  sm a ll age range 
in  t h is  sample, th a t  th e  d if fe re n c e s  in  v is u a l p e rc e p t io n  a re  
due to  a g e -re la te d  p h y s io lo g ic a l d e te r io ra t io n  o f  th e  p e rc e p tu a l 
mechanisms. A lthough  seem ing ly c lic h e d , i t  may be th a t  changes 
in  w il l in g n e s s  to  accep t what i s  seen, bo th  a c tu a l ly  and 
m e ta p h o r ic a lly ,  c re a te  t h i s  a g e -re la te d  d i f fe re n c e .  That i s ,  an 
in c re ase d  f a m i l ia r i s a t io n  w ith  what "sh o u ld " be p e rce ive d  in  th e  
environm ent cou ld  le a d  to  an i n a b i l i t y  to  accep t w hat i s  
a c tu a l ly  p e rc e iv e d . Such c o g n it iv e  changes w ere th o u g h t by 
W itk in  to  c re a te  p a r a l le l  changes in  p e rcep tua l s t y le .
A b i l i t y  8 :
Pearson c o r r e la t io n  in d ic a te d  th a t  th is  to o  had a n e g a tiv e  
c o r r e la t io n  w ith  age. That i s ,  as one g e ts  o ld e r  so i t  beccxnes 
more d i f f i c u l t  to  use a narrow pe rcep tua l fo c u s . T h is  a t  f i r s t  
sounds c o n tra d ic to ry  to  th e  p re v io u s  re la t io n d & ip  s in ce  one 
m ig h t expect a m e ta p h o r ic a l and perhaps a c tu a l n a rro w in g  o f 
fo cu s  to  accompany age. What i t  i n  fa c t  suggests , however, i s  a 
s im i la r  le s s e n in g  o f  a b i l i t y  to  adapt to  th e  e nv iron m e n ta l 
requ irem en ts .
Page 129
Up u n t i l  t h i s  p o in t ,  i t  had been im p o s s ib le  to  say w hether 
a b i l i t y  8 was th e  a b i l i t y  to  change to  a narrow a t te n t io n a l 
w id th  o r to  m a in ta in  a narrow a t te n t io n a l  w id th . T h is  
a s s o c ia t io n  o f  age w ith  both  a b i l i t y  5 and a b i l i t y  8 tends to  
in d ic a te  th a t  th e  a b i l i t y  to  adapt t o  c ircum stances  le sse n s  w ith  
age and th e re fo re  suggests th a t  a b i l i t y  8 i s  in  f a c t  th e  a b i l i t y  
t o  change to  a narrcw  a t te n t io n a l w id th  when necessary.
2 .4 .6  F a c to r sco res and th e  A tt itu d e -P re fe re n c e  Q u e s tio n n a ire  
(A .P .Q .) .
Only q u e s tio n s  2 and 3 shewed any s ig n i f ic a n t  re la t io n s h ip s  
w ith  the  a b i l i t y  sco res .
2 .4 .6 .1  Q uestion  2 : s k i l l  le v e l  o f p re fe r re d  a c t i v i t i e s .
S ig n i f ic a n t  d if fe re n c e s  were found o n ly  between people 
p r e fe r r in g  a c t i v i t y  groups 1 and 3* Group 1 a c t i v i t i e s  were 
"team , b a l l  in te r c e p t io n ,  to o l / n o n - to o l" .  Group 3 a c t i v i t ie s  
were "pe rson  o r ie n ta te d  ve rsu s  s e l f /w i t h  o r ve rsu s  o th e r, 
t o o l / n o n - t o d " .  In  term s o f  th e  p e rc e p tu a l s k i l l s  re q u ire d  f o r  
th e  a c t i v i t i e s ,  these  two g roups were perhaps th e  most 
d i f f e r e n t ;  g roup  1 r e ly in g  p re d o m in a n tly  on v is u a l s k i l l s  w h i ls t  
group 3 co u ld  be regarded as r e ly in g  p re d o m in a n tly  on 
k in a e s th e t ic  s k i l l s .  W h ils t  th e re  i s  no reason why these two 
s k i l l s  can n o t e x is t  to g e th e r, i t  may be th a t  th e  e x is ten ce  o f 
s tre n g th s  in  one o r the  o th e r p e rc e p tu a l modes w ou ld  in f lu e n c e  
th e  type  o f a c t i v i t y  a person a tte m p ts  o r  f in d s ,  perhaps by
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a c c id e n t, th a t  they a re  good a t .
D if fe re n c e s  occurred  i n  a b i l i t y  sco res  3 , 4 and 6.
A b i l i t y  3 :
People p re fe r r in g  group 3 a c t i v i t i e s  scored more h ig h ly  on t h i s  
a b i l i t y  than  d id  those p r e fe r r in g  group 1 a c t i v i t i e s .  A b i l i t y  3 
was th e  t r a n s la t io n  o f body awareness in t o  a movement p a t te rn  
designed to  f i t  a s p e c if ie d  s e t  o f  re q u ire m e n ts . I t  would seem 
a p p ro p r ia te , th e re fo re ,  th a t  those  peop le  who a re  b e t te r  ab le  to  
make such an in te r p r e ta t io n  o f  body s h a p e /o r ie n ta t io n  feedback 
tend  to  p re fe r  a c t i v i t i e s  t h a t  a ccen tua te  such an a b i l i t y .  I t  
i s  e q u a lly  p la u s ib le  to  suggest o f course th a t  due to  t h e i r  
p a r t ic ip a t io n  in  group 3 typ e  a c t i v i t i e s ,  t h e i r  body 
s h a p e /o r ie n ta t io n  a b i l i t y  has im proved. The d ir e c t io n  o f 
c a u s a lity  i s  im p o ss ib le  to  a s c e r ta in .
A b i l i t y  4 :
People p re fe r r in g  group 3 a c t i v i t i e s  scored more h ig h ly  than  
those  p re fe r r in g  group 1 a c t i v i t i e s .
A b i l i t y  4 was th e  a b i l i t y  t o  m a in ta in  f in e  m otor v o lu n ta ry  
movements w ith o u t tre m o r. A lthough  no t as c le a r -c u t  as th e  
p re v io u s  r e s u l t ,  i t  seems p ro b a b le  th a t  group 1 a c t i v i t i e s  (e .g .  
f o o t b a l l ,  rugby, hockey) do n o t re q u ire ,  on th e  w hole, the  
f in e s s e  o f c o n tro l th a t  i s  re q u ire d  by th e  group 3 a c t i v i t i e s  
(e .g .  gym nastics , fe n c in g , d an ce ). F u r th e r ,  group 1 a c t i v i t i e s  
te n d  to  accen tua te  v is u a l s k i l l s  and g roup  3, k in a e s th e t ic .  The 
c o n tro l o f m uscular trem or d u r in g  v o lu n ta ry  movements w ou ld  
lo g ic a l l y  be more c lo s e ly  a s s o c ia te d  w ith  p ro p r io c e p t iv e  s k i l l s
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th a n  w ith  v is u a l ones.
A b i l i t y  6 :
P a r t ic ip a n ts  o f  g roup 3 a c t i v i t i e s  scored more h ig h ly  th a n  d id  
those  o f group 1 a c t i v i t i e s .
A b i l i t y  6 was th e  measure o f a r t ic u la te d  p e rce p tu a l s t y le .  
Once aga in  th e  re q u ire m e n ts  o f  the  type o f a c t i v i t y  and th e  
s tre n g th  o f a b i l i t y  appear to  be w e ll  matched. S po rts  such as 
f o o t b a l l ,  s h in ty  o r la c ro s s e  tend  to  re q u ire  movements th a t  use 
th e  to rs o  and lim b s  in  r e la t i v e ly  l im ite d  com b ina tions . The 
m a r t ia l  a r ts ,  dance o r d iv in g ,  however, a l l  promote th e  a b i l i t y  
t o  is o la te  the  sepa ra te  lim b s  and body segments in  o rd e r to  
d iv e r s i f y  th e  range o f movements as much as p o s s ib le . Such 
d iv e r s i f i c a t io n  a p p a re n tly  b e n e f i ts  frcm  a more a r t ic u la te d  
p e rc e p tu a l s t y le ,  one th a t  a llo w s  th e  p e rc e p tio n  o f  a l l  th e  
in d iv id u a l  p a r ts  w i t h in  th e  fram ework o f a u n i f ie d  movement 
p a t te rn .
2 .4 .6 .2  Q ues tion  3 : p o s i t iv e  a t t i tu d e  tow ard s p o r t .
A b i l i t y  sco res  1 and 2 showed a s s o c ia t io n s  w ith  q u e s tio n  3. 
Both o f these were such th a t  those s u b je c ts  in d ic a t in g  a more 
p o s i t iv e  a t t i t u d e  scored more h ig h ly .
A b i l i t y  1.
T h is  was th e  a b i l i t y  to  p e rc e iv e  adequate ly  th e  s t ru c tu re  o f 
o n e 's  env ironm ent in  o rd e r , i t  was suggested, to  p la n  and 
execu te  an a p p ro p r ia te  m o to r-o u tp u t p a tte rn . Whether peop le
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deve lo p  a p o s i t iv e  a t t i t u d e  toward s p o r t  because they f in d  they 
can do i t  o r  w h e th e r people  p a r t ic ip a te  in  s p o r t  (and th e re fo re  
im prove ) because they have a p o s i t iv e  a t t i t u d e  tow ard  i t ,  i s  
im p o s s ib le  to  a s c e r ta in .
A b i l i t y  2 .
T h is  was th e  a b i l i t y  to  be a t  ease in  a c t i v i t y  s i tu a t io n s .  I t  
was suggested when in te r p r e t in g  t h i s  fa c to r  t h a t  i t  may w e ll be 
p a r t i a l l y  in v o lv e d  w ith  p e rs o n a lity  (such as s ta te  o r t r a i t  
a n x ie ty )  and c e r ta in  o th e r a t t r ib u te s .  I t  w ou ld  fo l lo w  th a t  a 
person  who fe e ls  a n x ie ty  o r who tenses  up when engaged in  
p h y s ic a l a c t i v i t y  i s  l i k e l y  to  no t have a p a r t i c u la r ly  p o s it iv e  
a t t i t u d e  tow ard i t .  A l te r n a t iv e ly ,  a person who has a low 
o p in io n  o f  s p o r ts  p a r t ic ip a t io n  presum ably w ou ld  be le s s  
in v o lv e d  in  p h y s ic a l a c t i v i t i e s  and may consequen tly  fe e l tense 
o r  "o u t o f p la c e "  when f in d in g  h im s e lf  caught o r  on ^o w  in  
such.
2 .4 .6 .3  G enera l comments on th e  A.P.Q .
That th e  q u e s tio n s  on th e  A.P.Q. showed few  a s s o c ia t io n s  
w ith  the  a b i l i t y  sco res  was, perhaps, no t a l l  th a t  s u rp r is in g .
Q ues tion  1 : t h i s  asked f o r  a fa v o u r i te  pastim e w h ich  was then
c la s s i f ie d  as e i t h e r  pass ive  o r a c t iv e .  I t  was th o u g h t p o s s ib le  
t h a t  le s s  "a b le "  peop le  w ou ld  tend  t o  p re fe r  a c t i v i t i e s  th a t  d id  
n o t re q u ire  o v e r t  p e rc e p tu a l-m o to r s k i l l s  and th e re fo re  enjoy 
p ass ive  pastim es o ve r a c t iv e  ones. In  re t ro s p e c t ,  however, i t
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would seem more than  a l i t t l e  na ive  to  equate a b i l i t y  and 
enjoym ent in  such a s im p le  fa s h io n .  A lthough s e l f - e f f ic a c y  i s  
regarded as an im p o rta n t m o t iv a t io n a l fa c to r  w ith  rega rd  to  th e  
co n tin u ed  p a r t ic ip a t io n  in  a c t i v i t i e s  th rough  which t h is  
p e rc e p tio n  i s  enhanced (Bandura, 1976), n e ith e r  s e l f - e f f ic a c y  
nor i t s  a s s o c ia te , s e lf-e s te e m , c o n s t itu te  "en joym e n t". I t  
co u ld  a ls o  be argued th a t  peop le  se rio u s  about t h e i r  s p o r t  do 
n o t re g a rd  i t  as a mere pastim e a t  a l l  and may w e ll pu t down a 
pass ive  pastim e  in  response to  q u e s tio n  1 in s te a d .
Q uestion  2 ; th e  assignm ent o f a s u b je c t 's  p re fe rre d  s p o r t  o r 
a c t i v i t y  in t o  a p a r t ic u la r  s k i l l  ca tegory has a lre a d y  been 
d iscussed .
The f a c t  th a t  none o f the  ccxnparisons o th e r th a n  th a t  
between c a te g o r ie s  1 and 3 shewed any r e la t io n d i ip s  w ith  the  
a b i l i t y  sco res  cou ld  be a t t r ib u ta b le  to  a number o f causes. The 
f i r s t  i s  th a t  th e  c la s s i f ic a t io n  i s  a r t i f i c i a l  and th a t  th e re  
a re  n o t, in  f a c t ,  any re a l d if fe re n c e s  in  the  s k i l l  re q u irem en ts  
between th e  s p o r ts  o f each c a te g o ry . The ocm bining o f se ve ra l 
o f  th e  o r ig in a l  g roups o f  a c t i v i t i e s  to g e th e r would tend  to  
*V a te r down" any d if fe re n c e s  s t i l l  fu r th e r .  I t  i s  suggested, 
however, th a t  th e  reason f o r  th e  la c k  o f a s s o c ia t io n  l i e s  n o t in  
th e  c la s s i f ic a t io n  o f  th e  s p o r ts  but in  th e  pe rfo rm ers  o f the  
s p o r ts .
The c la s s i f ic a t io n  was based upon th e  s k i l l  re q u ire m e n ts  o f  
each s p o r t  "w ere i t  t o  be p layed  o p t im a lly "  and a p la y e r 
e x e m p lify in g  su<A standards w ou ld  n e c c e s a r ily  be o f
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in te r n a t io n a l c la s s .  The m a jo r ity  o f s u b je c ts  used in  t h is  
s tudy co u ld  n o t be s a id  to  be a b le  to  p lay  t h e i r  chosen s p o r t 
" o p t im a l ly " .  Many to o k  p a r t  r e la t iv e ly  in f re q u e n t ly  w ith  o n ly  
th e  odd one o r two s u b je c ts  a c h ie v in g  U n iv e rs ity  team s tanda rds . 
In  o th e r w ords, a lth o u g h  th e  s p o r ts  re q u ire d  p a r t ic u la r  s k i l l s ,  
th e  p la y e rs  d id  n o t n e c c e s a r ily  have them. I f  le v e l o f 
a tta in m e n t can be used as an in d ic a t io n  o f  s k i l l  le v e l then  i t  
i s  som ething o f  a s u rp r is e  to  f in d  any a s s o c ia t io n  a t  a l l  
between a b i l i t y  sco res  and p re fe rre d  s p o r t ca tegory  w ith  t h is  
p a r t ic u la r  g roup  o f  s u b je c ts . Only the  te s t in g  o f  e l i t e  
a th le te s  co u ld  r e a l l y  p ro v ide  an answer to  w he ther th e  problem 
la y  in  th e  s u b je c ts  o r in  th e  c la s s i f ic a t io n  te ch n iq u e . 
Presum ably, th e  reason  f o r  d if fe re n c e s  be ing  found between those  
s u b je c ts  p a r t ic ip a t in g  in  group 1 and group 3 s p o r ts  i s  due to  
th e  fa c t  th a t  these  groups re q u ire  s k i l l s  frcm  d i f f e r e n t  sensory 
m o d a li t ie s  r a th e r  tha n  ju s t  d if fe re n c e s  in  le v e l on th e  same 
p e rc e p tu a l-m o to r d im ension .
Q uestion  3: t h i s  sco re  re fe r re d  to  one o f fo u r  c a te g o r ie s
conce rn ing  a s u b je c t 's  a t t i t u d e  toward p a r t ic ip a t io n  in  s p o r t.  
The m a jo r ity  (64%) opted  f o r  ca tegory  1, the  most p o s it iv e  
a t t i t u d e ,  w h ich  w ou ld  a g a in  in d ic a te  th a t  p a r t ic ip a t io n  in  s p o r t  
i s  n o t dependent m e re ly  on th e  a b i l i t y  to  do i t  b u t on more 
i n t r i n s i c  f a c to r s  such as, f o r  example, sheer enjoyment o f the  
game o r h e a lth  re la te d  va lu e  judgem ents.
Q uestion  4 ; th e  la c k  o f a s s o c ia t io n  between th e  a b i l i t y  sco res  
and q u e s t io n  4 (w h e th e r o r no t a su b je c t regarded th e m s e lf as 
clum sy) was t o  be expected  in  th e  l i ÿ i t  o f the  poor shared
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un d e rs ta n d in g  o f  ju s t  what c o n s t i tu te s  clumsy b eh a v io u r.
2 .4 .7  Dancers P r o f i le .
I t  can im m ed ia te ly  be seen frcm  th e  dancers P.M.A.P.
(F ig u re  2 . 3 . Ü )  t h a t  they tended to  have h ig h e r  scores than  
average on A b i l i t i e s  1, 3 and 7 . They w ou ld  a ls o  appear to  have 
m a rg in a lly  h ig h e r  scores on A b i l i t i e s  2 and 6.
A b i l i t i e s  1 and 3 both concerned th e  awareness and c o n t ro l 
o f th e  body such th a t  i t  cou ld  be " f i t t e d "  in t o  a p a r t ic u la r  
movement p a t te rn  re q u irem en t. A b i l i t y  1 a ls o  concerned th e  
c re a t io n  o f  t h i s  movement tem p la te  from  "ra w " p e rc e p tio n s  o f th e  
env ironm en t. A dancer le a rn s  frcm  v is u a l d em on s tra tion . Frcm 
w a tch in g  th e  movements o f th e  te a c h e r, th e  dancer has to  t r y  and 
make h is  own body conform , w it h in  i t s  p h y s ic a l l im i t a t io n s ,  to  
match th e  te a c h e r ’ s shapes and movement p a t te rn s .  I t  should 
h a rd ly  be s u rp r is in g ,  then , to  f in d  th a t  th e  dancer group showed 
h ig h e r  a b i l i t y  sco res  in  these a reas. U n s u rp r is in g , th a t  is ,  
u n t i l  the  le v e l o f perform ance o f these p a r t ic u la r  s u b je c ts  i s  
co n s id e re d . W h ils t  termed "d a n ce rs ", i t  w ould n o t be u n fa ir  to  
say th a t  though each gave dance as t h e i r  p re fe rre d  a c t i v i t y ,  th e  
le v e l a t  w h ich  they danced was n o t p a r t i c u la r ly  h ig h . I f  an 
e q u iv a le n t co u ld  be drawn between dance and c o m p e tit iv e  s p o r ts  
th e n  th re e  o f th e  fo u r  would have been i n  a U n iv e rs ity  le v e l 
team b u t w ou ld  n o t expect any h ig h e r s e le c t io n .  One can o n ly  
s p e c u la te , however, on what th e  P.M .A.P. would have looked l i k e  
had p ro fe s s io n a l dancers c o n s t itu te d  th e  "d a n ce r" g roup.
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V ideo re c o rd in g s  o f  th e  s u b je c ts  undergoing t e s t  7b 
re ve a le d  some in te r e s t in g  q u a l i t a t iv e  d if fe re n c e s . Test 7b 
loaded s ig n i f ic a n t ly  on F a c to r 1 and a ls o  loaded h ig h ly  on 
F a c to r 3 . I t  was noted th a t  in  a d o p tin g  the  body shape shown on 
th e  s l id e ,  most people to o k  i t  in  d is t in c t  stages. F i r s t  they  
too k  up th e  g ene ra l o r ie n ta t io n ;  t h i s  was fo llo w e d  by th e  " le g s  
p a t te rn " ,  th e  "arms p a t te rn " ,  th e  t ru n k  in c l in a t io n  o r  tw is t  and 
f i n a l l y  th e  head p o s i t io n .  The dancers and one o r two o th e rs , 
however, moved e v e ry th in g  a t  once th u s  ado p ting  th e  shape as a 
whole u n i t  ra th e r  than  h a v in g  to  c re a te  i t  from i t s  p a r ts .
A b i l i t y  7 was in te r p r e te d  as in c lu d in g  th e  awareness o f 
k in a e s th e t ic  cues. The w hole  purpose behind dance techn ique 
t r a in in g  i s  to  le a rn  to  be a b le  to  move the  lim b s  and segments 
o f  the  body in d e p e n d e n tly  and i n  a c o n tro lle d  fa s h io n . I t  
should  th e re fo re  be expected th a t  dancers would score  above 
average on an a b i l i t y  co nce rn in g  p o s it io n a l in fo rm a tio n  about 
th e  body.
A b i l i t y  6 was in te r p r e te d  as re p re s e n tin g  th e  a r t ic u la te d  
p e rce p tu a l s t y le .  The s l i g h t l y  h ig h e r score on t h is  a b i l i t y  
in d ic a te s  th a t  the  dancers ten d  to  be more f ie ld - in d e p e n d e n t 
th a n  average; th a t  i s ,  they  a re  more l i k e l y  to  be ab le  to  
understand p a tte rn s  o f  p e rc e p t io n  in  term s o f  t h e i r  c o n s t itu e n t  
p a r ts  and to  be ab le  to  re c o g n is e  these p a r ts .
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In  o rd e r to  le a rn  choreographed sequences o f  movements one 
must be a b le  to  re co gn ise  the  c o n s t itu e n t b u i ld in g  b lo c k s  th a t  
go to  make up a co n tin u ou s  sequence. I t  i s  n o t ic e a b le  when 
te a c h in g  b e g in n e r dancers th a t  they a re  o fte n  unab le  to  "see " 
w ha t i s  a c tu a l ly  be ing  done in  term s o f d is c re te  body movements 
when p resen ted  w ith  a ^ o r t  movement sequence. I t  i s  th e n  th e  
te a c h e r 's  ta s k  to  b reak th e  sequence down in t o  re c o g n is a b le  
segments, q u i te  o fte n  o f v i r t u a l l y  s in g le  movements. The above 
w ou ld  im p ly  t h a t  dance t r a in in g  causes an in c re a s e  in  
f i e l d-independenee. W h ils t  i t  i s  obvious to  anyone in v o lv e d  in  
te a c h in g  dance th a t  th e  a b i l i t y  to  break sequences down in t o  
t h e i r  component moves does undergo marked improvement w ith  
t r a in in g ,  t h i s  does n o t n e c e s s a r ily  mean th a t  th e  le a r n e r 's  
w ho le  p e rce p tu a l s t y le  i s  be ing  changed. Though t h i s  m ig h t be 
th e  case ( t h i s  p o s s ib i l i t y  i s  more f u l l y  d iscussed  b e lo w ), i t  i s  
a ls o  p o s s ib le  th a t  an a lre a d y  a r t ic u la te d  p e rce ptue il s ty le  would 
f a c i l i t a t e  the  le a rn in g  o f  movement sequences. S ince the  
le a rn in g  o f such sequences tends to  be a m a jo r p a r t  o f any dance 
c la s s , i t  may w e ll  be th a t  those people who re g a rd  them selves as 
unable to  le a rn  th e  sequences tend  to  drop o f f  in  a ttendance  a t  
th e  c la sse s  le a v in g  o n ly  those who a lre ad y  had a p re d is p o s it io n  
tow ard  an a r t ic u la te d  p e rc e p tu a l s ty le .  T h is  i s  n o t to  say th a t  
more g lo b a l ly  o r ie n ta te d  peop le  co u ld  no t le a rn ,  o n ly  th a t  the  
ra te  o f le a rn in g  would be s i ewer.
T h is  a s s o c ia t io n  o f  speed o f  le a rn in g  o f  a nove l 
p e rc e p tu a l-m o to r ta s k  w ith  f i e l  d-dependence/independence has 
been dem onstrated p re v io u s ly  (Jorgensen, 1972 in  M a c G il l iv a ry ,
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1979) w ith  f ie ld - in d e p e n d e n t people showing a g re a te r  amount and 
r a te  o f  le a rn in g  than  the  f ie ld -d e p e n d e n t s u b je c ts . I t  should  
be no ted ; however, th a t  Jorgensen p u t some o f  t h i s  increased  
le a rn in g  down to  th e  s t ra te g ie s  adopted by th e  f i e l d -  
independents and n o t s im p ly  to  t h e i r  way o f  p e rc e iv in g  th e  ta s k .
A b i l i t y  2 was tho u gh t to  be th e  degree o f  a ro usa l 
accompanying a p e rso n 's  engagement in  p h y s ic a l a c t i v i t y .  I t  i s  
g e n e ra lly  he ld  th a t  one needs to  be a t  a c e r ta in  le v e l o f  
a ro u s a l fo r  optimum perform ance. O ve r-a ro u sa l due, perhaps, to  
th e  a n x ie ty  f e l t  when a tte m p tin g  a c e r ta in  ta s k , tends to  be 
c o u n te r-p ro d u c tiv e  w ith  o n e 's  perform ance a t  th e  ta sk  becoming 
w orse. In  dance, such a n x ie ty  is  u s u a lly  expressed as a 
tenseness in  th e  m uscles, ve ry o fte n  to  be seen in  ra ise d  
sh ou ld e rs  and c la w - l ik e  hands. Such u n in te n t io n a l tenseness 
b o th  r e s t r ic t s  j o i n t  range and the  f lo w  o f  movement. I t  is  
consequen tly  very common to  hear in  a dance c la s s  someone be ing 
t o ld  to  re la x ,  s p e c i f ic a l ly  to  a llo w  a b e t te r  q u a l i t y  o f  
movement. The above average score  on t h i s  a b i l i t y ,  though 
m a rg in a l, p o s s ib ly  r e f le c ts  t h is  need f o r  p h y s ic a l ease w h i ls t  
m oving; i t  i s  n o t so h ig h , however, as to  suggest u n d e r-a ro u sa l. 
I t  would a ls o  fo l lo w  th a t  th e  re a c t io n - t im e  o f  dancers i s  n o t 
p a r t ic u la r ly  f a s t  bu t the n , i t  ve ry  seldom needs to  be.
A b i l i t i e s  4 , 5 and 8 a re  v i r t u a l l y  the  same as fo r  the  r e s t  
o f  the  fem ale s u b je c ts . F a c to r 4 was la c k  o f  trem or on f in e  
m otor v o lu n ta ry  movements; F a c to r 5 was v is u a l d is c r im in a t io n  
and F a c to r 8 , the  a b i l i t y  to  narrcw  th e  a t te n t io n .  There i s  no
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p a r t ic u la r  re q u ire m e n t th a t  dance has w ith  re sp e c t to  these 
a b i l i t i e s  th a t  w ou ld  be d i f f e r e n t  frcm  many o th e r  s p o r ts  o r 
a c t i v i t i e s .  T h is  w ou ld  account f o r  th e  dancers average sco res .
The l ik e l ih o o d  o f  any a b i l i t y  score  o c c u r r in g  w ith in  a 
normal p o p u la t io n  can be dete rm ined  a lm ost d i r e c t ly  from  the  
Z -sco re  s in ce  th e  percen tage  o f a normal d is t r ib u t io n  f a l l i n g  
between d e fin e d  l i m i t s ,  measured in  u n i ts  o f s tandard  d e v ia t io n ,  
i s  known. Thus an a b i l i t y  Z -so o re  o f g re a te r  than  1, f o r  
example, w ou ld  o n ly  be ach ieved  by 16% o f  th e  p o p u la tio n . 
A lthough such a sco re  would  n o t s a t is fy  th e  usual c u t - o f f  p o in ts  
used in  s t a t i s t i c a l  da ta  a n a ly s is ,  i t  must be remembered th a t  
s t a t i s t i c a l  c r i t e r i a  a re  dependent upon th e  purpose f o r  which 
th e  data a re  to  be used. The p o te n t ia l  uses o f  th e  a b i l i t y  
measures a re  d iscussed  more f u l l y  below bu t a m a jo r use cou ld  be 
as an in d ic a to r  o f p o te n t ia l  s p o r ts  a p t itu d e .  T h is  form  o f 
d ia g n o s tic  usage, as a b a s is  f o r  o f fe r in g  a dv ice  on fu tu r e  
t r a in in g ,  would n o t n e c e s s ita te  the  le v e l o f s t a t i s t i c a l  
c r i t e r i a  u s u a lly  a s s o c ia te d  w ith  th e  a n a ly s is  o f  da ta  f o r  more 
e x p lo ra to ry  purposes.
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3 PART THREE.
T h is  la s t  s e c tio n  co n s id e rs  th e  p e rc e p tu a l-m o to r a b i l i t i e s  
i n  th e  l i g h t  o f the  p re v io u s  two s tu d ie s . S p e c i f ic a l ly ,  i t  
c o n s id e rs  th e  i n t r i n s i c  s t r u c tu re  and th e  in te r a c t io n s  o f the  
a b i l i t i e s .  These have been used both  to  c re a te  an in te g ra te d  
model o f p e rc e p tu a l-m o to r behav iou r and to  p re d ic t  th e  fu tu re  
use and development o f th e  measurement o f p e rc e p tu a l-m o to r 
a b i l i t i e s  in  s p o r ts  sc ie n ce .
3 .1  The N a ture  Of P e rce p tu a l-M o to r A b i l i t i e s .
Study Two began by c o n s id e r in g  th e  a e t io lo g y  o f  c lu n s in e s s  
o r  m in im a l c e re b ra l d y s fu n c t io n . Gubbay (1975) suggested th a t  
any tre a tm e n t f o r  t h is  c o n d it io n  should p re fe ra b ly  beg in  b e fo re  
th e  c h i ld  was s ix  y e a rs  o ld  and c e r ta in ly  b e fo re  te n  yea rs  o f
age s in ce  a f t e r  t h is  tim e  th e  m a le a b i l i t y  o f th e  c e n tra l nervous
system (C .N . S. ) was so reduced as to  re n de r change o f 
m o rp h o lo g ica l fu n c t io n  v i r t u a l l y  im p o s s ib le . T h is  bodes i l l  f o r  
c lixnsy a d u lts .  Gubbay a ls o  s ta te d  th a t  c lum siness o n ly  r e a l ly  
c re a te d  p r a c t ic a l  problem s between the  ages o f  s ix  t o  tw e lve  
ye a rs  o ld .  T h is  i s  th e  p e r io d  d u r in g  w h ich  peer g roup  va lu es  
ten d  to  fa v o u r the  p h y s ic a l ly  g i f t e d  and a re  a p t to  h u r t  deeply 
those who a re  seen to  be la c k in g .  A f te r  t h is  age, he suggested,
th e  c h i ld  has le a r n t  to  compensate in  some way.
The o n ly  com pensations a v a i la b le ,  however, a re  p s y c h o lo g ic a l 
ones. These u s u a lly  in v o lv e  th e  p la c in g  o f  va lu e  o n to  o th e r 
a c ts  o r p u r s u its  th a t  tend  to  be met w ith  more success. O ther 
defence s t ra te g ie s  may in v o lv e  t r y in g  t o  tu rn  f a i l u r e  in to  an
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a c t w orthy o f some s o r t  o f  peer esteem by " fo o l in g  a bou t" d u r in g  
games pe riod s  and a c tu a l ly  t r y in g  t o  " f a i l "  in  th e  most- 
sp e c ta c u la r o r humorous fa s h io n  th a t  co u ld  be d ev ised .
As th e  c h i ld  g e ts  o ld e r ,  so t h e i r  degree o f cho ice  over 
t h e i r  p a r t ic ip a t io n  in  games a t  schoo l a ls o  in c re a s e s : th e
clumsy ones d rop  o u t.  M ere ly  g row ing  o ld e r  does n o t improve 
t h e i r  a b i l i t i e s ,  i t  s im p ly  a llo w s  them g re a te r  leeway in  
a v o id in g  any a c t i v i t y  in  w h ich  they may be seen t o  be 
inadequa te . Thus, a lth o u g h  Gubbay*s im p l ic a t io n  i s  th a t  the  
o ld e r  c h i ld  and th e  a d u lt  f in d  ways around these  
p e rce p tu a l-m o to r i n a b i l i t i e s ,  i t  i s  more p ro b a b le , e s p e c ia lly  in  
th e  l i g h t  o f Gubbay»s cwn comments re g a rd in g  C.N .S. p la s t i c i t y ,  
th a t  they s im p ly  h id e  from  them. E s tim a tes  o f  c lum siness f o r  
c h ild re n  range from  5% t o  20$ o f  th e  normal schoo l p o p u la tio n  
(C lem ents, 1966) and i f  no improvement in  a b i l i t y  can e x is t  th e n  
th e re  must be s im i la r  p ro p o r t io n s  o f clumsy a d u lts  w i th in  th e  
p o p u la tio n  to  those  o f cliansy c h ild re n .
The p o te n t ia l uses o f  th e  P.M .A.P. re v o lv e  around the  
metam orphic n a tu re  o f these p e rc e p tu a l-m o to r a b i l i t i e s ;  i . e .  
w hether o r not the y  can be changed. Gubbay*s w o rk  would  suggest 
th a t  th e  answer i s  "n o " . I t  w ou ld  seem th a t  th e  p r in c ip a l 
n e u ro lo g ic a l pathways and in te rc o n n e c t io n s  upon w h ich  the  
a b i l i t i e s  a re  de te rm ined  a re  v i r t u a l l y  unchangeable a f t e r  about 
th e  age o f te n . T h is  i s  n o t t o  say th a t  th e  p la s t i c i t y  re q u ire d  
f o r  the  la y in g  down o f  new memories, f o r  example, no lo n g e r 
e x is ts .  I t  does im p ly , however, th a t  i f  som ething as m ajor as 
th e  complete fo rm a tio n  o f  th e  sensory in te g r a t io n  c i r c u i t s  has
Page 142
n o t occu rred  by t h i s  age then  i t  never w i l l .  D e sp ite  th is ,  
improvement in  s k i l l e d  behav iour i s  seen to  accompany p ra c t ic e .  
There a re  a number o f p o s s ib le  e x p la n a tio n s  f o r  such 
im provem ent.
One i s  t h a t  th e re  i s  no a b i l i t y  l i m i t  and th a t  anybody can 
ach ieve  any le v e l  they d e s ire  g iv e n  s u f f ic ie n t  m o t iv a t io n  and 
p r a c t ic e .  A no the r p o s s ib le  e x p la n a tio n  co u ld  be th a t  a b i l i t i e s  
a re  indeed f ix e d  i n  term s o f th e  p la s t i c i t y  o f th e  C.N.S. but 
t h a t  some a re as  o r  systems o f th e  b ra in  th a t  a re  o the rw ise  
dormant a re  a b le  to  take  on th e  e x tra  lo a d  re q u ire d  thus 
a llo w in g  im provem ent. E ith e r  o f these e x p la n a tio n s  im p lie s  th a t  
p ra c t ic e  a lw ays le a d s  to  improvement.
A t h i r d  p o s s ib i l i t y  i s  th a t ,  d e s p ite  no a b s o lu te  changes 
be ing  made in  th e  u n d e rly in g  a b i l i t i e s ,  p ra c t ic e  le a d s  to  an 
improvement in  c e r ta in  s k i l l s  due to  b e t te r  s t ra te g ie s  be ing  
used in  th e  ta s k  and to  th e  b e t te r  p re d ic t io n  o f even ts .
A f i n a l  e x p la n a tio n  i s  th a t  the  n e u ro lo g ic a l unde rp inn ing  
o f  th e  a b i l i t i e s  i s  f ix e d  bu t may y e t  be m axim ised; i . e .  the  
" c i r c u i t r y "  a q u ire d  by the  age o f s ix  o r  so a llc w s  f o r  a c e r ta in  
p o te n t ia l  a b i l i t y ,  a p o te n t ia l th a t  may n o t be a tta in e d  w ith o u t 
s p e c ia liz e d  t r a in in g .  To c la r i f y  t h is  p o s i t io n  i t  may be 
h e lp fu l  to  draw an analogy w ith  a more concre te  example. An 
u n tra in e d  person  may be found to  have, th rough  m uscle b iopsy ,
95$ slow  tw itc h  f ib r e s  in  t h e i r  va s tu s  l a t e r a l i s  m uscle. T h is  
w i l l  n o t a u to m a t ic a l ly  make them a g re a t lo n g  d is ta n c e  runne r 
b u t w i l l  in d ic a te  th a t ,  on t h i s  param eter a t le a s t ,  they have
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th e  p o te n t ia l to  be one. Whereas m uscle b iopsy may in d ic a te  a 
p e rso n ’ s p o te n t ia l a b i l i t y ,  an e s t im a tio n  o f  VOgmax., to g e th e r 
w ith  an ana e ro b ic  th re s h o ld  assessment on t h i s  u n tra in e d  
s u b je c t ,  would p ro b a b ly  have in d ic a te d  a mudi lo w e r c u rre n t 
perfo rm ance. The te s ts  used to  o b ta in  th e  fa c to r  scores a re  
ana logous to  th e  a e ro b ic  and a na e ro b ic  assessm ents. They are  
e x t r in s ic  and can o n ly  im p ly  th e  n a tu re  o f the  i n t r i n s i c  
c o n d it io n s .  T h is  fo u r th  e x p la n a tio n  may w e l l  in c o rp o ra te  
changes in  s tra te g y  and p r e d ic t io n  bu t w ould  u l t im a te ly  go 
beyond these to o . There i s ,  as y e t ,  no evidence f o r  su<h an 
e x p la n a tio n  nor i s  i t  easy to  see w hat cou ld  c o n s t i tu te  such 
ev idence w ith o u t a d ir e c t  p h y s io lo g ic a l c o r re la te  o f an upper 
a b i l i t y  l i m i t .  [J u s t  hew, p h y s io lo g ic a l ly ,  these a b i l i t i e s  
co u ld  be maxim ised i s  a ls o  unknown. W ith  the  type  I  f ib r e s  in  
th e  m uscle , f u l f i l l i n g  th e  maximun p o te n t ia l  comes th rough  such 
t r a in in g  e f fe c ts  as inc re ase d  c o n c e n tra t io n s  o f  o x id a t iv e  
enzymes and m ito c h o n d ria  and in c re a se d  c a p i l la r is a t io n  o f the  
m uscle . Perhaps an e q u iv a le n t would  be changes in  lo c a l 
c o n c e n tra t io n s  o f  c e r ta in  n e u ro - tra n s m it te rs  o r  c a ta ly t ic  
enzymes. ]
The p r in c ip a l c o n te n tio n  conce rn ing  th e  n a tu re  o f the  
p la s t i c i t y  o f p e rc e p tu a l-m o to r a b i l i t i e s  has been w he ther o r n o t 
the y  can be changed and, i f  so, i s  t h i s  change l im i t e d  o r 
u n l im ite d .  Gubbay*s c l i n i c a l  evidence w ou ld  suggest they  can 
n o t be changed y e t  e xpe rim en ta l ev idence shows th a t  improvement 
u s u a lly  accompanies p ra c t ic e  (W h it in g , 1976). I t  has been 
proposed, th e re fo re ,  th a t  improvement does fo l lo w  p ra c t ic e  up to
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a n e u ro lo g lc a l ly  Imposed maximun. T h is  p o te n t ia l can not change 
and in  most people i s  n o t reached due to  la c k  o f  invo lvm nen t i n  
p h y s ic a l a c t i v i t i e s .  The clumsy person w ou ld  have lo w e r 
p o te n t ia l and th e re fo re  would maxim ize t h e i r  a b i l i t y  a t  a 
r e la t i v e ly  lew perform ance le v e l .  F u rth e r p ra c t ic e  would n o t 
r e s u l t  in  f u r t h e r  im provem ent. G if te d  peop le  would  have h ig & e r 
p o te n t ia l  w h ich  in  most cases w ould be u n re a liz e d . Such peop le , 
w ith  the  m o t iv a t io n  to  t r a in  in  a p h y s ic a l a c t i v i t y ,  would f in d  
s ig n i f ic a n t  im provem ents in  t h e i r  a b i l i t i e s  and re la te d  s k i l l s .
In  append ix  E a re  th re e  "case h is t o r ie s "  th a t  go some way 
tow ard s u p p o rt in g  th e  c o n te n tio n  th a t  p e rc e p tu a l-m o to r a b i l i t i e s  
do reach maxima beyond w hich they can no t be im proved re g a rd le s s  
o f  in te n s i t y  o f  t r a in in g .
3 .1 .1  The s t r u c tu r a l o rg a n is a t io n  o f  p e rc e p tu a l-m o to r
fu n c t io n in g .
"Movement i s  an a d a p tive  mechanism f o r  th e  achievem ent o f 
ends and, as c h a r a c te r is t ic s  o f  l i v i n g  system s, these  mechanisms 
m ig h t succeed o r f a i l , "  [H ig g in s  (nee A rend), 1985 ]. Her 
c o n te n t io n  i s  th a t  movement i s  an emergent fo rm  c re a te d  from  th e  
in te r a c t io n  o f th e  human system w ith  the  s t r u c tu re  o f  the  
environm ent and s u b je c t to  th e  l im i t a t io n s  p laced  on these .
Thus a l l  movement has i t s  bounda ries  d e fin e d  by th e  l im i t s  o f 
th e  perform ance env ironm ent, th e  b icm e cba n ica l/ m o rp h o lo g ica l 
l im i t a t io n s  o f  the  pe rfo rm er and th e  p h y s ic a l p r in c ip le s
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o p e ra tin g  on th e  e x te rn a l w o r ld  (Arend, 1980). Each o f these 
can be f u r t h e r  b roken  down in t o  more and more d e ta ile d  
o b s e rv a tio n s  to  c re a te  in c re a s in g ly  s p e c i f ic  in te r a c t io n  
e f fe c ts .  The essence o f these in te r a c t io n s ,  however, i s  
r e la t i v e ly  s im p le .
"F o r a fu n c t io n a l in te g r a t io n  to  occur, i t  seems 
a pp a re n t th a t  p e rfo rm e rs  must have in t im a te  knowledge 
o f th e  n a tu re  and s ta te  o f t h e i r  own p h y s ic a l i^ s te m ; 
th e  n a tu re  and s ta te  o f th e  e x te rn a l surround in  w h ich  
they move; a re sp on s ive  and w e ll- tu n e d  body ; and a 
s to rehouse  o f c o g n it iv e  p la n s  o r s t ra te g ie s  th a t  
enab le  them to  e f f e c t iv e ly  u t i l i z e  past expe riences 
and c u r re n t  in fo rm a tio n  i n  th e  p la n n in g , e x e c u tio n  and 
e v a lu a t io n  o f p e rc e p tu a l-m o to r behaviour in  a v a r ie ty  
o f s i t u a t io n s . "  (A rend, 1980).
The p e rc e p tu a l-m o to r system model below is ,  in  essence, th e  
same fo u r - p a r t  model desc ribe d  in  th e  fo rew o rd . I t  is ,  however, 
ra th e r  more e la b o ra te  w ith  th e  f in d in g s  f o r  t h is  study be ing  
used as th e  b a s is  o f  i t s  expans ion . H ig g in s ’ t h e o r e t ic a l ly  
based system o f movement p re re q u is ite s  has a ls o  been 
in c o rp o ra te d  in t o  th e  model s in ce  i t  appears to  complement th e  
s t r u c tu re  in d ic a te d  by th e  m a jo r components o f  p e rc e p tu a l-m o to r 
fu n c t io n in g  as found  in  th e  above s tu d ie s . The independent 
a r r iv a l  a t  th e  same model o f  p e rc e p tu a l-m o to r re q u ire m e n ts  f o r  
th e  g e n e s is  o f  e f fe c t iv e  human movement from  both  a th e o r e t ic a l 
and an e xp e rim e n ta l s ta n d p o in t,  tends t o  suggest th a t  the  model 
has seme b a s is , a t  le a s t ,  f o r  v a l i d i t y .
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The above d iagram s showing th e  p o s s ib le  s i t e s  o f  in f lu e n c e  
o f  the  e ig h t  a b i l i t i e s  a re  n o t supposed to  be e x h a u s tiv e . For 
example, an a b i l i t y  shown as a f fe c t in g  th e  fo rm a tio n  o f th e  
"model o f s e l f "  co u ld  be expected t o  do so by a f fe c t in g  any o f 
i t s  in p u t channe ls  o r  the  c o n s tru c ts  frcm  w h ich  those  in p u ts  
come; i . e .  " s e l f  awareness" o r  "m oto r a b i l i t y " .  S ince the  
w ho le  system i s  in te rc o n n e c te d  v ia  a number o f  in te r n a l  and 
e x te rn a l feedback lo o p s  i t  co u ld  be argued th a t  any o f th e  
c o n s tru c ts  d e p ic te d  may be th e  ro o t  cause o f changes to  th e  
"model o f s e l f " ,  th u s  th e  a b i l i t y  in  q u e s tio n  co u ld  ope ra te  
anywhere. The g ro up in gs  o f  v a r ia b le s  w i th in  each fa c to r ,  
however, weigh a g a in s t t h i s  argument and tend  t o  r e s t r i c t  each 
f a c t o r * 8 a rea  o f  o p e ra tio n , i f  no t ju s t  to  those  c o n s tru c ts  
in d ic a te d  the n  c e r ta in ly  to  w i t h in  t h e i r  c lo se  p ro x im ity .
Though e x p la in in g  o n ly  29% o f the  d a ta  v a r ia n c e , A b i l i t y  1 
comes c lo s e s t to  be ing  an o v e r a l l  p e rc e p tu a l-m o to r a b i l i t y .  
A c c o rd in g ly  i t  concerns both  an unde rs tand ing  o f  movement needs 
and th e  s e le c t io n  o f the  movement o u tp u t to  meet those needs.
Ih e  m atch ing  o f  p e rce ive d  a b i l i t i e s  w ith  movement re qu irem en ts  
d ic ta te s  th e  p o s s ib le  p a t te rn s  o f  m otor o u tp u t a v a i la b le .
A b i l i t y  1 c o r re la te d  w ith  A b i l i t y  6 , d e fin e d  as p e rce p tu a l 
s t y le .  T h is  i s  th e  second most im p o rta n t a b i l i t y  in  term s o f 
e x p la in in g  d a ta  v a r ia n c e  (when the  o b liq u e n e ss  o f fa c to r s  i s  
a llo w e d  f o r ) .  I t  in c lu d e s  th e  in t e r p r e ta t io n  o f  sensory in p u t 
w h ich , as w e l l  as in f lu e n c in g  th e  d e te rm in a tio n  o f  the  "model o f 
e n v iro n n e n t a i s t r u c tu r e "  o f  F a c to r 1, in f lu e n c e s  many o f th e  
o th e r  subsequent s t ru c tu re s .  A number o f these s t ru c tu re s  a re
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a s s o c ia te d  w ith  F a c to rs  5 ( v is u a l d is c r im in a t io n )  and 7 
( k in a e s th e t ic  awareness) th u s  g iv in g  r is e  to  t h e i r  c o r re la t io n s  
w ith  F a c to r 6 (S e c tio n  2 .3 .4 ) ,
F a c to r 6 i s  a ls o  d e p ic te d  as be ing  a p roduc t o f 
"experience /m em ory" s in c e  i t  i s  f e l t  th a t  i t  i s  t h i s  l i n k  th a t  
de te rm ine s  th e  in d iv id u a l  in te r p r e ta t io n  o f  p e rc e p tu a l cues.
The r e s u l t s  o f  such in te r p r e ta t io n ,  in  terras o f  e ffe c t iv e n e s s  o f  
" a c t io n "  i n  d e a lin g  w ith  th e  environm ent w i l l ,  presum ably, 
feedback in t o  "experience /m em ory" so th a t  th e  " in te r p r e ta t io n "  
may be m o d if ie d  i f  necessary f o r  fu tu r e  occas ions .
The s ig n if ic a n c e  o f k in a e s th e t ic  awareness (F a c to r 7 ) i s  
emphasized by the  h ig h  amount o f da ta  va ria n c e  i t  e x p la in s  (20% 
when fa c to r  in t e r - c o r r e la t io n s  a re  a llow ed  f o r ) .  Perhaps 
because o f th e  volume o f expe rim en ta l work t h a t  has been 
perform ed on v is u a l p e rc e p tio n , th e  im portance  o f th e  awareness 
o f  body p o s i t io n  and movement in  th e  e x e c u tio n  o f  s k i l le d  
a c t i v i t i e s  has tended to  have been overlooked .
Ih e  a s s o c ia t io n  o f F a c to r 6 w ith  F a c to r 8 cou ld  be 
e x p la in e d  i n  two ways. A person w ith  th e  a b i l i t y  to  narrow 
t h e i r  fo c u s  o f  a t te n t io n  on to  p a r ts  o f a sensory a rra y  should 
a c c o rd in g ly  be in  a b e t te r  p o s i t io n  to  sepa ra te  those p a r ts  frcm  
th e  r e s t  o f  th a t  a r ra y .  A lte r n a t iv e ly ,  a person  w ith  th e  
a b i l i t y  to  p e rce ive  those p a r ts  as separa te  a lre a d y  would have a 
more "c o n c re te "  ite m  to  narrow the  focu s  upon. In  th e  diagram , 
F a c to r 8 i s  dicwn to  be in f lu e n c in g  th e  sys t«n  b e fo re  F a c to r 6 , 
t h i s  can n o t be in te r p r e te d  to o  d i r e c t ly  however. The
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s e p a ra tio n  o f "p e rc e p t io n "  and " in t e r p r e ta t io n "  i s  in c re a s in g ly  
b e ing  regarded  as suspect (G ibson in  Bruce & Green, 1985; Lee, 
1976; H o fs te n  & Lee, 1982; Solomon, C a re llo  & Tu rvey, 1984), 
th u s  F a c to rs  6 and 8 may w e ll  fu n c t io n  in  p a r a l le l  ra th e r  than  
in  s e r ie s .
F a c to r 8 , d e s p ite  o n ly  be ing  d e p ic te d  as b e in g  a sso c ia te d  
w ith  "p e rc e p t io n " ,  had a number o f c o r r e la t io n s  w ith  o th e r 
fa c to r s *  Again, t h i s  may be because d if fe re n c e s  i n  p e rc e p tio n  
w i l l  a l t e r  a l l  subsequent b eh a v io u r, however, i t s  c o r re la t io n  
w ith  F a c to r 7 may s im p ly  be an in d ic a t io n  o f th e  c o n c e n tra t io n  
re q u ire d  to  fo c u s  upon k in a e s th e t ic  cues g iv e n  th e  common 
p re fe re n c e  f o r  us ing  v is u a l in fo rm a tio n . The a s s o c ia t io n  o f 
F a c to r 8 w ith  F a c to r 2 has a lre a d y  been d iscu ssed .
F a c to r 2 has been d e p ic te d  as a c t in g  a t  two separa te  s i te s .  
The f i r s t  i s  as p a r t  o f th e  gene ra l a ro usa l o f th e  C .N .S ., 
u s u a lly  a t t r ib u te d  to  the  Ascending R e t ic u la r  A c t iv a t in g  System. 
Feeding in  to  th e  h ig h e r areas o f th e  b ra in  v ia  the  
" in te g r a t io n "  c e n tre , t h i s  p ro v id e s  a g en e ra l s t im u la t io n  o f th e  
c o r te x  (B a rr ,  1974). The a b i l i t y  to  reduce unnecessary a ro usa l 
must in f lu e n c e  a l l  a spects  o f p e rc e p tu a l-m o to r fu n c t io n in g  and 
may account f o r  the  h i ^  percentage (19%) o f  d a ta  va ria n ce  th a t  
F a c to r 2 e x p la in s  when cons ide red  s e p a ra te ly  frcm  th e  o th e r 
a b i l i t i e s .  I t  has a ls o  been shewn h o v e rin g  o ve r 
"expe rience /m em ory"; t h i s  i s  to  in d ic a te  th e  e f fe c t  o f past 
successes and f a i lu r e s  in  movement behav iou r on th e  
a ro u s a l/a n x ie ty  th a t  accompanies each success ive  a tte m p t.
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A b i l i t y  3 conce rns  bo th  the  in te g r a t io n  o f  p ro p r io c e p t iv e  
in fo rm a t io n  (w h ich  i s  th e n  a v a ila b le  f o r  use by o th e r  p a r ts  o f 
th e  model) and i t s  d ir e c t  t r a n s la t io n  in to  movement o u tp u t.
T h is  la s t  fa c e t  i s  v i t a l  f o r  a l l  movement s ince  i t  p ro v id e s  th e  
a u to m a tic  c o r re c t io n s  re q u ire d  f o r  the  m aintenance o f balance 
and p o s tu re .
A b i l i t y  4 w ou ld  appear to  be a lm ost e n t i r e ly  m o to r, be ing  
concerned w ith  th e  sm ooth ing o f  the  m otor o u tp u t.  A c c o rd in g ly , 
i t  has no o v e r t  a s s o c ia t io n s  w ith  the  o th e r a b i l i t i e s .
The model above i s  n o t meant to  re p re s e n t r i g i d l y  d e fin e d  
a reas o f  o p e ra t io n  f o r  th e  e ig h t a b i l i t i e s  bu t to  in d ic a te  the  
ways in  w h ich  these  a b i l i t i e s  combine to g e th e r to  produce 
p e rc e p tu a l-m o to r b e h a v io u r.
3 .2  P e rc e p tu a l-m o to r A b i l i t i e s  And Uses For The P.M .A.P.
The p r in c ip a l  a p p l ic a t io n  envisaged f o r  th e  P.M .A.P. is  
n o t ju s t  th e  mapping o f p rom inen t a b i l i t i e s  f o r  d i f f e r e n t  s p o r ts  
even ts  o r p h y s ic a l a c t i v i t i e s  but th e  use o f such maps to  h e lp  
p re d ic t  w he the r h o p e fu l in d iv id u a ls  showed an a p t itu d e  f o r  t h e i r  
d e s ire d  a c t i v i t y .  To do t h is ,  fo r  a g ive n  s p o r t  a number o f 
" e l i t e  exponen ts" w ou ld  need to  be te s te d  on a l l  o f  th e  above 
p e rc e p tu a l-m o to r t e s t s  to  a s c e r ta in  which o f th e  e ig h t  a b i l i t i e s  
were accen tua ted  and to  w hat degree. Comparison o f th e  nov ice* s 
P.M .A.P. w ith  th a t  " r e q u ire d "  would in d ic a te  w h ich  a b i l i t i e s  
w ou ld  need to  be im proved o r  even w hether c o n t in u in g  in  th a t  
p a r t ic u la r  s p o r t  was u l t im a te ly  p o in t le s s ,  in  te rm s o f
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perform ance le v e l .  An assum ption  be ing  made here  i s ,  o f course , 
th a t  any o f th e  he igh tened  a b i l i t i e s  observed were c a u s a tiv e ly  
re la te d  to  the  e l i t e  exponents* perform ance c a p a b i l i t ie s .
Another assum ption, be ing  im p lie d  in  th e  phrase **which a b i l i t i e s  
w ou ld  need to  be improved**, i s  th a t  these  a b i l i t i e s  cou ld  be 
changed. The d iv id in g  l i n e  between w he the r to  g iv e  up the  s p o r t 
o r  to  p ra c t is e  a l l  the  h a rd e r i s  u l t im a te ly  dependent upon th e  
n a tu re  o f the  a b i l i t i e s  them se lves.
The two ends o f  the  " a b i l i t y "  spectrum  have been b rough t 
in t o  c o n s id e ra t io n ; th e  a th le te  lo o k in g  t o  im prove and the  
d ro p -o u t lo o k in g  n o t to  be seen. Even shou ld  i t  be proven th a t  
these p e rc e p tu a l-m o to r a b i l i t i e s  can be changed, th e  "d ro p -o u t"  
w ou ld  presum ably have l i t t l e  in c l in a t io n  to  pu t h is  se lf-e s te e m  
a t  r i s k  once aga in  by a tte m p tin g  any form  o f v o lu n ta ry  movement 
th e ra p y . Movement problem s w ould  a r is e  o n ly  when faced  w ith  
s i tu a t io n s  th a t  co u ld  n o t be avo ided  such as c o n d it io n s  a t  the  
w orkp lace  or when d r iv in g  a ca r in  busy t r a f f i c .  In  tim es o f 
s tre s s  p a r t ic u la r ly ,  the  la te n t  p e rc e p tu a l-m o to r d e f i c i t  cou ld  
m a n ife s t i t s e l f  as an i n a b i l i t y  to  cope and an a c c id e n t o ccu r: 
i t  may w e ll  be th a t  "a c c id e n t p rone " peop le  a re  th e  lo s t  clumsy 
a d u lts .  I f  t h i s  i s  th e  case then  a p o s s ib le  use o f the  P.M .A.P. 
o u ts id e  the  s p o r ts -s c ie n c e  f i e l d  co u ld  be to  h i ^ l i g h t  those 
people who would  be more prone to  in d u s t r ia l  a c c id e n ts  in  
p a r t i c u la r ly  hazardous w o rkp la ces . I t  co u ld  be th a t  the  la c k  o f 
p a r t ic u la r  a b i l i t i e s  may even correspond  to  th e  type  o f a c c id e n t 
t h a t  happens; e .g . a person w ith  a v e iy  poor sense o f tem pora l 
p a t te rn  re c o g n it io n  may tend  to  t ra p  hands a n d /o r  f in g e rs  in
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hammering o r m o u ld -p re ss in g  type  m achinery th a t  works on an 
a u to m a tic  t im in g  mechanism. T h is  is ,  o f course, o n ly  
s p e c u la t io n  and bo th  re fin e m e n t o f th e  te s ts  used to  measure th e  
a b i l i t i e s  and a la rg e  amount o f background da ta  would be 
re q u ire d  b e fo re  su(h p r e d ic t iv e  uses cou ld  be made.
Not be ing  a b le  to  measure these  la t e n t  p e rce p tu a l-m o to r 
a b i l i t i e s  d i r e c t ly  i s  no argument a g a in s t us ing  th e  P.M. A. P as 
an a p t itu d e  te s t  f o r  p a r t ic u la r  s p o r ts . To re tu r n  to  the  
ana logy w ith  th e  te s t  o f a e ro b ic  f i t n e s s ;  i f  a person scores 
p o o r ly  bu t has done no re c e n t,  re le v a n t t r a in in g  th e n  i t  i s  
l i k e l y  th a t  th e re  i s  room f o r  improvement bu t n o t, perhaps, 
enough to  become an in te r n a t io n a l  c la s s  ru n n e r. I f  the  
in d iv id u a l  pe rfo rm s  v e ry  w e ll  on th e  te s t  y e t  s t i l l  has n o t done 
any re c e n t, re le v a n t  t r a in in g  th e n  i t  i s  l i k e l y  th a t  not o n ly  i s  
th e re  room f o r  improvement bu t th a t  such improvement would  take  
him  in t o  th e  rea lm s o f  p h y s io lo g ic a l f i t n e s s  re q u ire d  by an 
in te r n a t io n a l  s tandard  a th le te .
T h is  ba lance  o f p re sen t f i t n e s s  w ith  past t r a in in g  to  
p re d ic t  fu tu r e  perform ance co u ld  be s im i la r ly  ach ieved w ith  th e  
p e rc e p tu a l-m o to r a b i l i t i e s .  The d if fe re n c e  i s  th a t ,  whereas th e  
e f fe c ts  o f  t r a in in g  on a e ro b ic  f i t n e s s  in d ic e s  a re  ve ry  w e ll 
documented and can be u t i l i z e d  in  o rd e r to  make th e  p re d ic t io n s ,  
th e  r e la t iv e  e f fe c ts  o f  d i f f e r e n t  (o r  any) t r a in in g  regim es on 
th e  a b i l i t y  sco res  i s  t o t a l l y  unknown, thu s  th e re  i s  no way o f  
t e l l i n g  w hat range o f improvement cou ld  be expected.
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Even i f  i t  were proven th a t  th e re  were no l i m i t s  to  
im provem ent, th e  P.M .A.P. co u ld  s t i l l  be used to  in d ic a te  in  
w h ich  areas t r a in in g  was needed and how fa r  an in d iv id u a l  had to  
go to  a ch ieve  a d e s ire d  s ta n d a rd . I f ,  as i s  proposed h e re , a 
l im i t e d  p o te n t ia l  o n ly  may be ach ieved  through p ra c t ic e  the n  th e  
P.M .A,P. w ou ld  have a f u r t h e r  use in  p re d ic t in g  th e  maximum 
perform ance le v e l  p o s s ib le  shou ld  s u f f ic ie n t  p ra c t ic e  be 
m a in ta in e d . I t  i s  f e l t  th a t  t h i s  use o f the  P.M. A, P. as an 
a p t itu d e  te s t  w ou ld , u l t im a te ly ,  be more u s e fu l.
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3.3 Oyeral i  GonolyaioQ:
T h is  study began w ith  a search f o r  a p e rce p tu a l-m o to r 
" g - f a c to r " .  The f i r s t  s tep  a long  th e  path  was to  compare th re e  
t e s t s  o f p e rc e p tu a l fu n c t io n in g  f o r  t h e i r  degree o f o v e r la p . I t  
was proposed th a t  i f  they d id  e x h ib i t  such fu n c t io n a l redundancy 
th e n  i t  w ou ld  be because o f t h e i r  subse rv ience  to  t h is  o v e r a l l  
s t y le  o f p e rce p tu a l and p o s s ib ly  c o g n it iv e  fu n c t io n in g .  That 
i s ,  th e  fo l lo w in g  arrangem ent w ou ld  e x is t :
Perceptual StyleI
R.P.E. E.F.T. B.B.S./P.S.
They d id  n o t concur, a t  le a s t  n o t in  a p a r t ic u la r ly  c o n s is te n t 
fa s h io n .
The v a ry in g  re la t io n s h ip s  between th e  th re e  te s ts  suggested 
th a t  they were re la te d ,  no t by a s u p e r-o rd in a te  genera l 
p e rc e p tu a l fa c to r  but by a number o f su b o rd in a te  p e rce p tu a l o r 
p e rc e p tu a l-m o to r a b i l i t i e s .  D i f f e r e n t  com b ina tions  o f these 
a b i l i t i e s ,  f o r  example between men and women, would c re a te  
d i f f e r e n t  re la t io n s h ip s  between th e  dependent p e rce p tu a l t e s ts .  




The search f o r  these u n d e r ly in g  p e rc e p tu a l-m o to r a b i l i t i e s  
e v e n tu a lly  uncovered e ig h t  fa c to r s .  The fa c to r  d e f in i t io n s  w ere  
made us ing  th e  common e lem en ts  o f  t h e i r  c o n s t itu e n t t e s ts  and, 
as such, a re  regarded  as s t i l l  be ing  open to  th e  m o d if ic a t io n  o f  
t h e i r  in te r p r e ta t io n  shou ld  new evidence suggest i t .  For th e  
moment, they appear to  h o ld  some agreement a t  le a s t  w ith  
t h e o r e t ic a l ly  d e r iv e d  p e rc e p tu a l-m o to r c o n s tru c ts . A model o f  
p e rce p tu a l-m o to r fu n c t io n in g  in te n d e d  to  draw these separa te  
a b i l i t i e s  in t o  a cohe ren t w ho le  has been put fo rw a rd .
I t  i s  in te r e s t in g  to  see th a t  the  a b i l i t i e s  tend  to  cu t 
a c ro ss  c la s s ic a l ly  d e fin e d  s k i l l  c a te g o r ie s  such as s t a t i c  and 
dynamic ba lance , f in e  and g ro ss  m otor p a tte rn s  o r v is u a l 
d is c r im in a t io n  and rh y th m ic  sense. In s te a d  the  awareness o f 
p a tte rn s  o f  s t im u l i ,  a lm ost re g a rd le s s  o f  sensory m o d a lity , has 
been shewn to  be more fundam en ta l.
The th re e  p e rce p tu a l te s ts  used in  Study 1 were in c lu d e d  
amongst th e  o r ig in a l  76 measures o f s k i l le d  p e rce p tu a l-m o to r 
perform ance f o r  two reasons. The f i r s t  was because the  
p r in c ip a l in te n t io n  beh ind  th e  stuc^y was to  f in d  o u t what th e  
u n d e r ly in g  a b i l i t i e s  c o n n e c tin g  these th re e  te s ts  i n  p a r t i c u la r  
w ere. The second was to  w e ig h t the  fa c to r  e x tra c t io n  in  o rd e r 
to  emphasize th e  p e rc e p tu a l e la n e n ts  o f c re a tin g  and m a in ta in in g  
e f f i c i e n t  movement s in ce  d e f i c i t s  in  th e  p e rc e p tio n  o f o n e 's  
environm ent o r i n  th e  p la n n in g  o f  movement ou tp u t a re  more 
l i k e l y  to  be th e  causes beh ind  most "c lum sy" behav iour than  
i n a b i l i t i e s  t o  c o n tro l th e  neurom uscular ou tp u t p a tte rn s .
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W hile  th e  study has re ve a le d  e ig h t  in te r lo c k in g  
p e rc e p tu a l-m o to r  a b i l i t i e s ,  i t  i s  no t y e t  c le a r  how v a lu a b le , 
p r a c t ic a l l y ,  t h i s  id e n t i f i c a t io n  w i l l  be. Depending upon th e  
m a le a b i l i t y  o f th e  a b i l i t i e s ,  p o te n t ia l uses co u ld  be in  th e  
id e n t i f i c a t io n  o f  s p o r ts  p a r t ic ip a t io n  a p t itu d e  and th e  
p r e s c r ip t io n  o f  t r a in in g  bo th  o f people who w ish  to  g e n e ra lly  
im prove t h e i r  perform ance le v e ls  in  a nim ber o f p h y s ic a l 
a c t i v i t i e s  and o f  those w is h in g  to  t r a in  f o r  s p e c ia liz e d  s p o r ts  
e ve n ts  a t  a h i ^  le v e l .  I t  i s  n o t enough to  t r a in  the  
a p p ro p r ia te  energy systems o f th e  body and s im p ly  hope th a t  th e  
a b i l i t i e s  re q u ire d  f o r  th e  s k i l le d  perform ance o f th e  a c t i v i t y  
w i l l  ju s t  emerge o f t h e i r  own accord . I t  may be th a t  the  
re q u ire d  a b i l i t i e s  can never be achieved and th a t  th e  a s p ir in g  
a th le te  w ould be b e t te r  adv ised  to  change to  an a c t i v i t y  in  
w h ich  h is  o r  h e r a b i l i t y  p o te n t ia l would be s u f f ic ie n t  to  take  
them to  a h ig h e r  perform ance le v e l .
Having come f u l l  c i r c le  i t  appears th a t  th e  tru e  causes o f 
th e  r e la t io n s h ip s  between E .F .T . ,  R.P.E. and B .B .S ./P .S . a re  a 
co m b ina tio n  o f th e  above arrangem ents. That i s ,  c o g n it iv e  s ty le  
o r ,  a t  le a s t ,  p e rc e p tu a l s ty le  i s  re s p o n s ib le  in  p a r t  f o r  t h e i r  
a s s o c ia t io n .  I t  does n o t a c t,  however, as a s u p e r-o rd in a te  
c o n s tru c t bu t as one o f e ig h t  in te r - r e la te d  p e rc e p tu a l-m o to r 
a b i l i t i e s .  D if fe re n c e s  in  th e  re la t io n s h ip s  between th e  th re e  
te s ts  dem onstra ted by male and fem ale s u b je c ts  f o r  example, a re  
due to  th e  v a ry in g  w e ig h tin g s  o f  in te r a c t io n  o f  p e rce p tu a l s t y le  
w ith  th e  o th e r seven a b i l i t i e s .  W itk in 's  p e rc e p tu a l s ty le ,  
though im p o r ta n t as a b a s ic  " a b i l i t y " ,  i s  n o t th e
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a ll-e n com pa ss in g  d im ens ion  w h ich  he advocated. I t  does indeed  
have s tro n g  a s s o c ia t io n s  w ith  many o f the  o th e r a b i l i t i e s  bu t 
n o t, i t  i s  f e l t ,  i n  th e  r o le  o f th e  ca u sa tive  fa c to r .
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V i/R .P .E .o  (Z) Wk. Ld. /  R .P .E .o (Z)
Vg /R .P .R .c  (Z ) 1.0000 .8369** .5978** .3587 .2218
V g/R .P .R .o  (Z ) .8 3 6 9 ** 1.0000- .6993** .3027 .3238
VgAR.P .R.l  (Z ) .5 9 7 8 ** .6993** 1.0000 ■ .1249 .2229
W k .L d . /R .P .E .c  (Z) .3587 .3027 ' .1249 1.0000 .6523**
W k .L d . /R .P .E .o  (Z) .2218 .3238 .2229 .6 5 2 3 ** 1.0000 ■
W k . L d . /R .P . E . l  (Z) - .1 0 5 3 -.1040 .2890 .0421■■ .1908
VO2/R.P.E.C (Z ) .8 4 3 4 ** .8371** .52 0 6** .3221 .1410
VO2/R .P .E .0  (Z ) .6 4 3 7 ** . 8661* * .5096** .2749 .1875
V O 2 /R .P .E . I  (Z ) .4274* .60 0 1** .78 2 5** .0812 .0955
H . R . / R . P .E . o  (Z) .3117 .3790- - .1737 ■ .1602 .2323
H .R . / R . P .E . o  (Z) .4468* . 4900* * .4069* .1785 .1301
H . R . / R . P . E . l  (Z ) .2295 .3 5 9 1 - ' . 5027* * .0126 -.0883
B.B.S. - . 3959* -.2175 -.2 2 8 4  - - .2 6 9 8 -.1421
P. S. .0164 .0387 .0778 -.1 3 5 7 -.0337
E .F .T . .0842 .1687 .2883 .3105 .2588
H eight .2345 .0326 .0388 .0579 -.1242
W eight ,2113 .0344 .0582 - .0 24 7 -.1878
P. I . -.0 4 0 1 -.0094 - .0 3 2 2 .1403 .1529
Sex .2546 -.0118 -.0696 .2085 .1010
Age .2182 .2892 .4121* .0438 .0130
W k .L d . /R .P .E . l  ( 2) VOg/R.P.E.o (Z) H .R . /R .P .E .o  (Z)
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H . R . / R . P . E . l  (Z )  
B.B.S.
P. S.
E .F .T .





VO2/R.P.E.0 (Z) ŸO2/R.P.E.I (Z)
-.1 0 5 3 .8434** .64 3 7** .4274* .3117
-.1 0 4 0 .8371** .86 6 1** .6 0 0 1 ** .3790
.2890 .5206** .50 9 6** .7 8 2 5 ** .1737
.0421 .3221 .2749-■ .0812 - .1602
.1908 .1410 .1875 .0955 .2323
1.0000 -.1219 -.1439 .2677 -.1083
-.1 2 1 9 1.0000 .8809** .65 4 0** .2699
-.1 4 3 9 .8809** 1.0000 .6 9 8 2 ** .3545
.2677 .6540** .6982»* 1.0000 • .1566
-.1 0 8 3 .2699 - .3545 ■ .1566 1.0000
-.0 6 7 8 .5082** .4137* .3531 -.0709
.2081 .3639 .3773 .4762» -.2239
-.1 0 2 5 -.2 63 8 -.0 5 0 3 -.0 6 6 8 -.0131
-.1 6 2 8 .0314 .0516 .1589 -.0544
.0970 .0336 .0751 . I 66O .0844
.0822 .3112 .1272 .1894 -.0826
.1450 .2837 .1020 .1654 -.1068
-.1 2 8 4 -.0330 .0325 .0183 .0814
.1541 .2847 .0793 .1220 .0148
.0653 .2681 .2635 .4579* .0945
•  -  SIGNIF. LE .01 -  SIGNIF. LE .001 2-TAILED
"Pearson C o rre la tio n  M a tr ix  o f Perceptual Tests and
P h y s io lo g ic a l Parameters ( A l l  s u b je c ts ) . "
A i)  con tinued .
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H. R./R.P .  E.o (Z) B.B.S. E.F.T.
R. R./R.  P . E . l (Z) P. S.
V g /R .P .R .c  (Z) .4468* .2295 - . 3959* .0164 .0842Vg/R .P .R .o  (Z) . 4900* * .3591 -.2175 .0387 .1687Ve4R . P . R . l  (Z) .4069* .50 2 7** -.2284 .0778 .2883W k .L d . /R .P .E .c  (Z) .1785 .0126 - -.2698 -.1357 .3105W k .L d . /R .P .E .o  (Z) .1301 -.0883 -.1421 -.0337 .2588W k .L d . /R .P .E . l  (Z) -.0 6 7 8 .2081 -.1025 —.1628 .0970
VO2/R.P.E.C (Z) .5 0 8 2 ** .3639 -.2 63 8 .0314 .0336
VO2/R .P .E .0  (Z) .4137* .3773 -.0503 .0516 .0751V O 2 /R .P .E . I  (Z) . 3531- .4762* -.0668 .1589 .1660
H .R . / R . P .E . o  (Z) - .0 7 0 9 -.2239 -.0131 -.0544 .0844
H . R . / R . P .E . o  (Z) 1.0000 .75 0 8** -.0133 .0011 .0920
H . R . / R . P . E . l  (Z) .75 0 8** 1.0000 - .0325 -.0170 .2143
B.B.S. -.0 1 3 3  - .0325 1,0000 .0788 -.2393
P. S. .0011 -.0 17 0 .0788 1.0000 -.2470
E .F .T . .0920 .2143 -.2393 -.2 47 0 1.0000
H eigh t .0810 .0360 -.1362 -.0 53 6 -.1580
W eight .0778 .0826 -.2141 -.1 82 4 -.1736
P. I . - .0 4 1 4 -.0996 .2201 .2222 .0658
Sex .0301 -.0617 -.2418 -.1 50 5 -.0306
Age .1656 .2898 -.2555 .1088 .2894
Height Weight P. I . Sex Age
Ve /R .P .R .c ( z ) .2345 .2113 -.0401  .2546
V g /R .P .R .o  (Z ) .0326 .0344 -.0 09 4  -.0 11 8
V g ^ R .P .R .l (Z ) .0388 .0582 -.0 3 2 2  -.0696
W k .L d ./R .P .E .c  (Z ) .0579 -.024?  .1403 .2085
W k .L d ./R .P .E .o  (Z ) -.1 2 4 2  -.1878  .1529 .1010
W k .L d . /R .P .E . l (Z ) .0822 .1450 -.1284  .1541
V O g/R .P .E .c  (Z ) .3112 .2837 -.0 33 0  .284?
VO2/R .P .E .0  (Z ) .1272 .1020 .0325 .0793
VO2/R .P .E . I  (Z ) .1894 .1654 .0183 .1220
H .R ./R .P .E .o  (Z ) - .0 8 2 6  -.1 06 8  .0814 .0148
H .R ./R .P .E .o  (Z ) .0810 .0778 -.0 41 4  .0301
H .R . /R .P .E . l  (Z ) .0360 .0826 -.0996  -.0617
B .B .S . - .1 3 6 2  -.2141  .2201 -.2418
P .S . -.0 5 3 6  -.1 82 4  .2222 -.1505
E .F .T . -.1 5 8 0  -.1 7 3 6  .0658 - .0306
H e ig h t 1.0000 .8392** .0432 .6879*#
W e ig h t .8392*» 1.0000 • - .5 0 1 3 **  .6164*»
P . I .  .0432 ■ - .5 0 1 3 * *  1.0000 -.0743  -
Sex .6 8 7 9 ** .6164** -.0743  1.0000



















- . 1 3 2 9
1.0000
*  -  SIGNIF. LE .01 »* -  SIGNIF. LE .001 2-TAILED
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A i l )
V i/R .P .E .o (Z ) Vg/R . P .E . l (Z ) Wk. L d ./R .P .
V i /R .P .E .o  (Z ) Wk. L d ./R .P .E .o (Z)
V g /R .P .R .o  (Z ) 1 .0000 .82 2 5** .0622 .4380 .3739V g /R .P .R .o  (Z ) .82 2 5** 1.0000 - .2145 .4396 .5799*V g /R .P .R . l  (Z ) .0622 ■ .2145 1.0000 .2895 .3084
W k .L d ./R .P .E .o  (Z ) .4380 .4396 .2895 1.0000 . 7233* *W k .L d ./R .P .E .o  (Z ) .3739 .5799* .3084 . 7233* * 1.0000W k .L d ./R .P .E . l  (Z )_ .3180 -.2 2 5 9 .4618 -.0161  - .1563
VO2/R .P .E .0  (Z ) .7663** . 7454* * .0883 .2623 .2919
VO2/R .P .E .0  (Z ) .6781** .8 6 3 7 ** .2187 .2859 .4312
VO2/R .P .E . l  (Z ) .0187 ■ .2081 .8283** .0678 .1707
H .R ./R .P .E .o  (Z) .5884* .3298 -.0733 .3866 .2521
H .R ./R .P .E .o  (Z ) .1264 .4149 .2605 .4626 . 5343*
H .R . /R .P .E . l  (Z ) - .2831 -.0 3 6 2 .5182* .3020 .2146
B .B .S . .0115 -.0 16 8 -.1119 -.1516 -.1 7 9 9
P. S. .0889 .1959 .0881 -.2456 -.1279
E .F .T . .0942 .1136 .3123 .3978 .2018
H e ig h t .0865 -.2 15 8 .0706 -.1921 -.2 95 5
W eigh t .1199 -.2 6 9 6 .1596 — «0626 -.2 1 3 8
P. I . .0276 .0311 -.0972 -.2050 -.1 4 7 4
Age .2492 .3189 .4869 .1351 .1332
W k .L d ./R .P .E . l (Z ) VO g/R .P.E.o (Z ) H .R ./R .P .E .o  (Z ) 
VO g/R .P .E .o  (Z ) V O g/R .P .E .l (Z )
V g /R .P .R .c  (Z ) -.3 1 8 0 .76 6 3** .6781** -.0187 .5884*
V g /R .P .R .o  (Z ) -.2 25 9 . 7454* * .8637** .2081 .3298
V g /R .P .R . l <Z) .4618 .0883 • .2187 ■ .8283** -.0 73 3
W k .L d ./R .P .E .c  (Z ) -.0161 .2623 .2859 .0678 .3866
W k .L d ./R .P .E .o  (2 ) .1563 .2919 .4312 .1707 .2521
W k .L d . /R .P .E . l (Z ) 1.0000 -.2 7 8 9 -.2081 .4532 - .0770
VO2/R .P .E .C  (Z ) - .2 7 8 9 1.0000 .8683** .2965 .2438
VO2/R .P .E .0  (Z ) -.2081 .86 8 3** 1.0000 .4417 .1849
VO2/R .P .E . l  (Z ) .4532 .2965 .4417 1.0000 -.2134
H .R ./R .P .E .o  (Z ) - .0770 .2438 .1849 -.2134 1.0000
H .R ./R .P .E .o  (Z ) -.0 79 8 .2282 .3140 .1701 -.1 7 9 5
H .R . /R .P .E . l (Z ) .3341 -.0761 .0116 .4539 -.3239
B .B .S . - .0 3 5 2 .0086 .0404 .0166 -.2234
P. S. -.2 7 7 7 .0953 .2415 .1751 -.1 6 6 5
E .F . T. .0680 -.0 8 2 9 -.0 4 0 9 .0536 .0862
H e ig h t -.0 5 0 4 .0439 - .0030 .1560 -.2091
W eigh t .1480 -.0701 -.1718 .1377 -.1 4 0 2
P. I . - .2 7 3 2 .1510 .2159 .0570 -.1 4 4 0
Age .0995 .3265 .3784 .5562» .2530
•  -  SIGNIF. LE .01 »« -  SIGNIF. LE .001 2-TAILED
"Pearson C o rre la tio n  M a tr ix  o f Perceptual Tests and
P h y s io lo g ic a l Parameters (Male s u b je c ts ) ."
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A l l )  con tinued .
H.R ./R .P .E .o (Z ) B .B .S . E .F .T .
H. R ./R . P .E *1 (Z) P. S.
V g /R .P .R .c  (Z ) .1264 -.2831 .0115 .0889 .0942V g /R .P .R .o  (Z ) .4149 - .0 3 6 2 -.0 1 6 8 .1959 .1136V g /R .P .R .l (Z ) .2605 .5182# -.1119 .0881 .3123W k .L d ./R .P .E .c  (Z ) .4626 .3020 -.1 5 1 6 -.2456 .3978
W k .L d ./R .P .E .o  (Z ) . 5343* .2146 -.1 7 9 9 -.1279 .2018W k .L d ./R .P .E . l (Z ) -.0 79 8 .3341 -.0 3 5 2 -.2777 .0680ŸO2/R .P .E .C  (Z ) .2282 -.0761 .0086 .0953 -.0 8 2 9VO2/R .P .E .0  (Z ) .3140 .0116 .0404 .2415 -.0 4 0 9VO2/R .P .E . l  (Z ) .1701 .4539 .0166 .1751 .0536
H .R ./R .P .E .c  (Z) -.1 79 5 -.3239 -.2234 -.1665 .0862
H .R ./R .P .E .o  (Z ) 1.0000 .7 1 7 3 ** .1872 .0920 .1593
H .R . /R .P .E . l (Z ) .7173** 1.0000 - .0757 .0650 .2886
6 . B. S. .1872 - .0757 1.0000 .2666 -.4 3 1 4
P. S. .0920 .0650 .2666 1.0000 -.3081
E .F .T . .1593 .2886 -.4 31 4 -.3081 1.0000
H e ig h t - .1750 -.0647 .1015 ,0787 -.3 29 6
W e igh t -.3246 -.1 6 0 8 .0655 -.2747 - .2390
P. I . .1813 .1267 .0535 .5266» - .1 7 3 2Age -.0184 .1692 -.4 0 2 5 .2677 .2408
H e igh t W eight P. I . Age
V g /R .P .R .c  (Z ) -.0865 -.1 19 9 .0276 .2492V g /R .P .R .o  (Z ) -.2 1 5 8 -.2696 .0311 .3189V g /R .P .R . l (Z ) .0706 .1596 -.0972 .4869
W k .L d ./R .P .E .c  (Z ) -.1921 -.0 62 6 -.2 05 0 .1351
W k .L d ./R .P .E .o  (Z ) - .2955 -.2 13 8 -.1 47 4 .1332
W k .L d ./R .P .E . l (Z ) -.0 50 4 .1480 -.2 7 3 2 .0995
V O g/R .P .E .c  (Z ) .0439 -.0701 .1510 .3265
VO2/R .P .E .0  (Z ) - .0030 -.1 71 8 .2159 .3784
VO2/R . P .E . l  (Z ) .1560 .1377 .0570 .5562»
H .R ./R .P .E .o  <Z) -.2091 -.1 40 2 -.1440 .2530
H .R ./R .P .E .o  (Z ) -.1750 -.3246 .1813 -.0184
H .R . /R .P .E . l  (Z ) -.0647 -.1 60 8 .1267 .1692
B .B .S . .1015 .0655 .0535 -.4025
P .S. .0787 -.2747 .5266» .2677
E .F .T . - .3296 -.2 39 0 - .1 73 2 .2408
H e ig h t 1.0000 . 7794* * .4655 -.0823
W e igh t . 7794* * 1.0000 -.1 89 5 -.1625
P. I . .4655 ■ -.1 8 9 5 1.0000 .1178
Age -.0 82 3 -.1 62 5 .1178 1.0000
*  -  SIGNIF. LE .01 *« -  SIGNIF. LE .001 2-TAILED
A l i i )
V f/R .P .E .o  (2 ) Vg/R. P .E . l  (Z )
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W k .L d ./R .P .E .o  (Z )
Vg /R .P .E .o  (Z ) Wk. L d . /R .P .E . 0 (Z)
Vg /R .P .R .c  (Z) 1.0000 .8835»» .8486»» .2589 .0901
Vg/R .P .R .o  (Z) .8 8 3 5 ** 1.0000 ■ .8591»* .2228 .1540
V g /R .P .R . l  (Z) .8486»» .8591»» 1.0000 - .0365 .1732
Wk.Ld . /R .P .E .o  ( 2 ) .2589 .2228 - .0365 1.0000 .5840
Wk.Ld . /R .P .E .o  (Z) ,0901 .1540 .1732 .5840 1.0000
W k .L d . /R .P .E . l  (Z) - .0549 -.0 48 5 .1689 .0478 .2218
ŸO2/R.P.E.C ( 2 ) .8530»» .9165»» . 7409* * .2756 -.0 3 6 6
ŸÜ2/R .P .E .0  ( 2 ) .6379* .8718»» .6206» .2232 -.0347
VO 2/R .P .E . l  (Z) .5996» .7654»» . 7879* * .0287 -.0 1 1 6
H .R . /R .P .E .o  (Z) .1938 .4187 .3159 - .0055 .2162
H .R . /R .P .E .o  (Z) .6342» .5488 .5024 -.0587 -.3 35 0
H . R . / R . P . E . l  ( 2 ) . 5349- .5522 .5006 -.2 5 0 8 -.4727
B.B.S. -.5 94 0 » -.3543 - .3 5 7 0 -.3 34 6 -.0511
P. S. .0420 ' -.0 58 2 .0599 .0551 .1717
E.F.  T. .1324 .2945 .3507 .2425 .4240
H eight .2463 .2695 .1865 -.0527 -.2 66 9
W eight .1674 .1929 .1139 -.3596 -.5127
P. I . - .0 4 2 2 -.0251 —.0108 .3961 .4599
Age .3711 .3862 .4398 -.0241 -.2 3 5 2
Wk. L d ./R .P .E .1  (Z)  VOg/R.P.E.o (Z ) H.R . /R .P .E
VO2/R .P .E .C  ( 2 ) V O g /R .P .E . l (2 )
Vg/R .P .R .c  (Z) -.0 54 9 .8530»» .6379* .5996» .1938V g /R .P .R .o  (Z ) -.0485 .9165*» .87 1 8** .7654»» .4187V g /R .P .R . l  (Z ) .1689 . 7409»» .6206» .7879*» .3159W k .L d ./R .P .E .c  (Z ) .0478 .2756 .2232 ' .0287 * • - .0 0 5 5W k .L d ./R .P .E .o  (Z ) .2218 -.0 36 6 -.0347 -.0116 .2162W k .L d ./R .P .E . l  (Z ) 1.0000 -.1535 -.1 87 8 .0165 -.1712
VO2 /R .P .E .C  (Z ) -.1 53 5 1.0000 .9081*» .8082»» .3019
VO2/R .P .E .0  (Z ) -.1 87 8 .9081»» 1.0000 - .8063»» .4461
VO2/R.P .E . l  (Z) .0165 .8082»» .8063»» 1.0000 - .3946
H .R ./R .P .E .c  (Z) -.1 7 1 2 .3019 - .4461 .3946 1.0000
H .R . /R .P .E .o  (Z) -.0 83 0 .6867» .4764 .4734 .0117
H .R . /R .P .E . l  (Z) .0288 .6543» .5750 .5142 -.1 4 6 0
B. B. S. -.1264 -.3 51 4 -.0 7 3 8 —«0816 .1803
P. S. .1444 .0771 -.0 4 5 9 .2004 .0740
E .F .T . .1942 .1985 .2276 .3791 .0987
H eight -.0 16 0 .3037 .2045 .1542 - .0 3 3 6
W eight -.0765 .2530 .1785 .1018 -.1 5 2 5
P. I . .0464 - .0790 -.0 26 7 .0122 .2229
Age .0368 .4310 .2898 .4969 -.1 3 3 7
» -  SIGNIF, LE .01 * *  -  SIGNIF. LE .001 (2-TAILED
"Pearson C o rre la tio n  M a tr ix  o f Perceptual Tests and
P h y s io lo g ic a l Parameters (Female s u b je c ts ) ."
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A l i i )  con tinued.
V g/R .P .R .c  (Z)  
Vg/R .P.R .o  (Z)  
V g /R .P .R . l  (Z)  
W k.L d . /R .P .E .c  (Z)  
W k.Ld . /R .P .E .o  (Z)  
W k .L d . /R .P .E . l  (Z)  
VO2/R.P.E.C (Z)  
VO2/R.P.E .0  ( 2 ) 
VO 2 /R .P .E . l  (Z)  
H . R . /R .P .E .c  (Z)  
H .R . /R .P .E .o  (Z) 
H . R . / R . P . E . l  (Z)
B. B. S.
P. S.





R ./R .P .E .o (z ) B .B .S . E .F .T .
H. R ./R . P .E . l (Z ) P.S,
.6342» .5349 -.5 9 4 0 * .0420 .1324
.5488 .5522 -.3543 - -.0582 .2945
.5024 .5006 -.3570 .0599 .3507
-.0587 - .2 5 0 8 -.3346 .0551 .2425
-.3350 - .4 7 2 7 -.0511 .1717 .4240
-.0 83 0 .0288 -.1264 .1444 .1942
.6867* .6543* -.3514 .0771 .1985
.4764 .5750 -.0738 -.0 45 9 .2276
.4734 .5142 — .0816 .2004 .3791
.0117 - .1 4 6 0 .1803 .0740 .0987
1.0000 .7836»* -.1811 -.0937 -.0 00 1
.7836** 1.0000 • -.0341 -.1340 .1245
-.1811 -.0 34 1 1.0000 -.2525 .0556
-.0937 -.1 3 4 0 -.2525 1.0000 - .1 3 5 2
-.0001 .1245 .0556 -.1 35 2 1,0000
.4257 .3429 -.0441 .0525 .1977
.3791 .3937 -.2185 .0586 - .1 6 5 8
-.1774 -.2 5 1 1 .3276 -.0550 .3968
.5062 .5193 -.1382 -.3 2 8 8 .4506
H e ig h t W eight P. I . Age
V g /R .P .R .c  (2 ) .2463 .1674 -.0 42 2 .3711V g /R .P .R .o  (Z) .2695 .1929 -.0251 .3862
V g /R .P .R .l (Z ) .1865 .1139 -.0108 .4398
W k .L d ./R .P .E .c  (Z) - .0527 -.3 5 9 6 .3961 -.0241
W k .L d ./R .P .E .o  (Z) -.2 66 9 -.5 1 2 7 .4599 -.2 35 2
W k .L d ./R .P .E . l (Z) -.0 1 6 0 - .0 7 6 5 .0464 .0368
V O g/R .P .E .c  (Z) .3037 .2530 -.0790 .4310
VO2/R .P .E .0  (Z) .2045 .1785 -.0267 .2898
VO2/R .P .E . l  (Z ) .1542 .1018 .0122 .4969
H .R ./R .P .E .c  (Z) - .033 6 -.1 5 2 5 .2229 -.1 33 7
H .R ./R .P .E .o  (Z) .4257 .3791 -.1774 .5062
H .R ./R .P .E . l (Z ) .3429 .3937 -.2511 .5193
B .B .S . -.0441 -.2 1 8 5 .3276 -.1382
P.S. .0525 .0586 -.0550 -.3288
E .F .T . .1977 -.1 6 5 8 .3968 .4506
H e ig h t 1.0000 .7 1 8 7 ** -.2011 .1887
W eigh t .7 1 8 7 ** 1.0000 ■ -.8221»» .1271
P. I . -.2011 - .8 2 2 1 » * 1.0000 ■ -.0 44 2
Age .1887 .1271 -.0442 1.0000





V O g /R .f.E .
W k.Ld/R .P.E.
H .R ./R .P .E .
d if fe re n c e
d if fe re n c e
d if fe re n c e
d if fe re n c e
B.B.S,
(1 - c ) -.0917
(1 - c ) ,0061
(1 - 0 ) .0747
(1 " c ) .1875
Male s u b je c ts
Vg/R .P .E .
VOj/R.P.E.
W k.Ld/R .P .E .
H .R ./R .P .E .
d if fe re n c e  (1 -  c ) 
d if fe re n c e  (1 -  c)
d if fe re n c e  (1 -  c) 
d if fe re n c e  (1 -  c)





Female s u b je c ts
V g/R .P .E . d if fe re n c e  
VO2/R .P .E . d i f fe re n c e
B .B .S
(1 c ) .2094
(1 — c) .2783
(1 c) .1449
(1 - c ) .0286
C«nbined sexes
"Pearson C o r re la t io n  M a tr ic e s  o f  R .P .E . l -  R .P .E .o  d if fe re n c e s  
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APPENDIX B
L is t  o f o r ig in a l  te s ts  f o r  p e rce p tu a l-m o to r assesanent.
1 l  S ta t ic  Balance
(a ) S tand ing  w ith  eyes c lo se d .
( b i )  S tand ing  on r ig h t  le g ;  eyes open.
( b i i )  S tan d ing  on r ig h t  le g ;  eyes c lo se d ,
( c i )  S tand ing  on l e f t  le g ;  eyes open.
( c i i )  S tand ing  on l e f t  le g ;  eyes c lo se d .
(d ) S i t t in g  ba lanced between Icw e r p e lv ic  bones and 
cocyx bone; le g s  s t r a ig h t ,  fo rw a rd  and o f f  th e  
f l o o r .  Arms s t r a ig h t  and to  th e  s id e .
(e ) S tand ing  in  2nd. p o s i t io n  ( fe e t  a p a r t)  on dem i- 
p o in t  (on  b a l ls  o f  fe e t  w ith  the  h e e ls  ra is e d  as 
h ig h  as p o s s ib le ) .  Legs s t r a ig h t .
i .  arch th e  back and lo o k  a t  the  c e i l in g .
i i .  a rch  fo rw a rd  and lo o k  a t  th e  f lo o r .
i i i .  lo o k  to  th e  r ig h t - c e n t r e - le f t - c e n t r e  e tc .
A l l  th e  s ta n d in g  te s ts  were c a r r ie d  ou t a g a in s t p a r a l le l  
v e r t ic a l  bars  so th a t  any movement cou ld  be more e a s i ly  
d e te c te d . Each p o s i t io n  had to  be h e ld  f o r  10 seconds. A l l  th e  
te s ts  were v ideod  and th e  subsequent s c o r in g  made on a 1 to  9 
sca le  (see append ix E) and was made on th e  b a s is  o f  th e  degree 
and d u ra t io n  o f  im balance d u r in g  th e  t e s t  p e r io d .
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Test Id  was la t e r  d isca rd e d  s in ce  many people were unable 
to  a ch ieve  the  s ta r t in g  p o s i t io n  l e t  a lone  m a in ta in  i t  f o r  te n  
seconds.
jI l  Dynamic Balance
(a ) The b lin d fo ld e d  s u b je c t was tu rn e d  s lo w ly  on a 
r o ta t in g  p la tfo rm  ( to o  s lo w ly  to  cause d iz z in e s s )  
and, once aimed in  th e  r ig h t  d i r e c t io n  by th e  
e xpe rim en te r, asked to  w a lk  i n  a s t r a ig h t  l in e  
f o r  te n  y a rd s . The sco re  was th e  d e v ia t io n  o f  
th e  s u b je c t from  the  s t r a ig h t  l in e ,  measured 
from  th e  ten  ya rd  mark on th e  s t r a ig h t  l in e
and p e rp e n d ic u la r to  i t .
(b )  B a lan c in g  on a sm a ll re c ta n g u la r  board w hich 
re s te d  on (b u t was n o t a tta c h e d  to )  a s o l id  
c y l in d r ic a l  p iv o t .  Due to  d i f f i c u l t i e s  in  
s c o r in g  t h is  te s t ,  however, i t  was decided 
ve ry  e a r ly  on in  th e  s tudy to  o m it i t .
( c )  Running a z ig -z a g  course between 6 b o l la rd s ,  each 
4 fe e t  a p a rt,  around th e  end b o l la r d  and back.
The score  was the  sun o f  th e  p e n a lty  p o in ts  w hich 
were g iv e n  as fo l lo w s :
1 f o r  knock ing  a b o l la r d  o v e r; 1/2 f o r  to u ch in g  
a b o l la r d ;  1/2 f o r  m is s in g  a b o l la r d  o u t o r f o r  
jum p ing  over i t  to  a vo id  i t ;  1 /2  f o r  each 
"awkward" m o tion  change. A gain, t h i s  p ro v id e d  a
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score o f in a b i l i t y .
(d )  W a lk ing  a lo ng  a 3 in c h  by 7 fe e t  beam; 
i  ; fo rw a rd s , 
i i ;  backwards.
w ith  a 360 degree tu rn  h a l f  way a long .
These were scored on th e  n in e -p o in t  sca le  f o r  th e  a b i l i t y  to
rem a in  in  balance w h i ls t  i n  m o tio n .
Both 2c and 2d were v id e o ’ d t o  a id  th e  assessm ent. A l l  th e  
balance te s ts  were perfo rm ed in  th e  gymnasium.
1 l  PQ.alLur.a
(a )  W alk ing  in  a s t r a ig h t  l in e  (a p p ro x im a te ly  20 y a rd s ) .
(b )  Running in  a s t r a ig h t  l in e  (a p p ro x im a te ly  20 y a rd s ) .
I t  was ve ry  q u ic k ly  r e a l iz e d  w ith  the  f i r s t  " p i l o t "  s u b je c ts
th a t  to  o b je c t iv e ly  measure a p e rs o n 's  p os tu re  and s ty le  o f
movement would re q u ire  f a r  too  many measurements and would 
c o n s t i tu te  a sepa ra te  s tudy w ith in  i t s  own r ig h t .  I t  was a ls o
f e l t  th a t  to  g iv e  a score  based on such " c r i t e r i a "  as
v e r t i c a l i t y ,  le a d in g  body p a r t  ( i . e .  head, c h e s t, p e lv is ) ,  
r i g i d i t y  o r m o tio n  o f arms and le g s  s u p e rflu o u s  to  fo rw a rd  
p ro p u ls io n  had no th e o r e t ic a l  background and, though 
s u b je c t iv e ly  a p p e a lin g , co u ld  n o t m e a n in g fu lly  be used.
The assessment o f p o s tu re  was consequen tly  dropped from  th e  
s tu d y .
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4: Rhythm
(a )  A 4 -b e a t c la p p in g  ta s k  in  w hich a pause 
was in tro d u c e d  in  a lo g ic a l  sequence as 
fo l lo w s  (C = c la p , P = pause):
C C C P 
C C P C 
C P C C 
P C C C
The p a t te rn  was dem onstra ted to  th e  s u b je c t 
u n t i l  he was c e r ta in  he knew what the  
p a t te rn  was supposed to  be. The sequence was 
a ttem p ted  fo u r  tim e s , each tim e  to  co m p le tio n , 
and th e  t o t a l  number o f m is takes  was used 
as the  sco re .
(b )  S k ip p in g  w ith  a s k ip p in g  rope to  an imposed 
re g u la r  rhythm  (72 b ea ts  per m inu te) from
a metronome. Each sess io n  was one m inu te .
i .  Jumping, two f e e t  to g e th e r.
i i .  S tepp ing  o v e r, r ig h t  fo o t  f i r s t .
i i i .  S te p p in g  o v e r, l e f t  fo o t  f i r s t .
Both the  number o f stoppages (a  sco re ) and th e  
adherence to  th e  imposed rhythm  (b sco re ) were 
used to  score t h i s  t e s t .
( c )  B a ll-b o u n c in g  w ith  no a u d ito ry  feedback. The 
s u b je c t was ta u g h t a s im p le  rhythm  and, w h i ls t
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l is t e n in g  to  w h ite  noise on a s e t o f head­
phones, was asked to  bounce a l i g h t  sponge- 
ru b be r b a l l  (a p p ro x im a te ly  8 in ch e s  in  
d ia m e te r) t o  th a t  rhythm .
T h is  te s t  was e v e n tu a lly  o m itte d  when i t  became apparent th a t
th e  a c tu a l c o n t ro l o f th e  b a l l  proved so d i f f i c u l t  as to  negate
th e  a b i l i t y  o r  i n a b i l i t y  to  move to  an imposed r t^ th m .
A l l  th e  rhythm  te s ts  were c a r r ie d  o u t in  th e  la b o ra to ry .  
i L  Ifojte Dexterity
(a ) F ine -m anua l; f in g e r  drianming under a 3 X d u a l-c o n d it io n
m a tr ix .  The c o n d it io n s  w ere: an even o r  a q u ic k  (n a tu ra l)  
drumming; r ig h t  o r l e f t  hand; s t a r t in g  th e  drumming 
from  e i th e r  th e  r ig h t  o r the  l e f t  ( i . e .  from the  l i t t l e
f in g e r  o r from  the  in d ex  f in g e r ) .  In  th e  even c o n d it io n
th e  purpose was to  t r y  and m a in ta in  as even an in te r v a l  
between each f in g e r  s t r ik e  as p o s s ib le , re g a rd le s s  o f th e  
speed o f  movement. In  th e  q u ic k  c o n d it io n  th e  f in g e rs  
had to  be drummed as q u ic k ly  as p o s s ib le .
Thus th e  e ig h t  (2 * )  r e s u l t in g  t e s ts  w ere :
ia ;  q u ic k ,  l e f t ,  l i t t l e  f in g e r ,  
ib ;  even, l e f t ,  l i t t l e  f in g e r ,  
i i a ;  q u ic k , l e f t ,  index  f in g e r ,  
i i b ;  even, l e f t ,  index  f in g e r ,  
i i i a ;  q u ic k , r ig h t ,  l i t t l e  f in g e r ,  
i i i b ;  even, r ig h t ,  l i t t l e  f in g e r .
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iv a ;  q u ic k ,  r ig h t ,  in d e x  f in g e r ,  
iv b ;  even, r ig h t ,  in d e x  f in g e r .
The te s ts  were perform ed on touch s e n s it iv e  keys, one f o r  
each f in g e r ,  th u s  e n a b lin g  th e  tim e  in te r v a l  between a d ja ce n t 
f in g e r s  to  be measured. For each drumming o f th e  f in g e rs  one 
o b ta in e d  th re e  in te r v a l  measurements. The va ria n ce  f o r  these  
was c a lc u la te d  and used as th e  t e s t  measure. O ther measures 
were consequen tly  d e r iv e d  from  com b ina tions  o f these te s t  sco res  
as fo l lo w s :
va ; sum o f the  q u ic k , l e f t  hand sco res ,
vb ; sun o f the  even, l e f t  hand scores,
v ia ;  sum o f the  q u ic k , r ig h t  hand scores, 
v ib ;  sum o f the  even, r ig h t  hand sco res ,
v i i a ;  sun o f a l l  q u ic k  sco res ,
v i i b ;  sun o f a l l  even sco res,
v i i i ;  sun o f a l l  sco re s .
(b )  Manual d e x te r i t y ;  th e  s u b je c t was re q u ire d  to  
p lace  wooden b lo cks  o f v a r io u s  shapes in to  
a p p ro p r ia te ly  shaped h o le s  w h i ls t  b lin d fo ld e d .
The te s t  was scored as th e  tim e  taken  to  f i t  
a l l  th e  b lo c k s . D e sp ite  the  b l in d fo ld ,  however, 
most people found th e  ta s k  ve ry  easy. T h is  
re s u lte d  in  a skewed d is t r ib u t io n  o f scores 
and so th e  te s t  was l e f t  ou t o f  th e  f i n a l  
a n a ly s is .
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(c )  B e l in d a  Neave te s t  f o r  Motor D e x te r i ty ;  t h is  
t e s t  was taken  from  a dance e x e rc is e  and 
re q u ire d  th e  su b je c t to  move the  body in  a 
n im b le  fa s h io n  in  a p re v io u s ly  e x p la in e d  
p a t te r n :  s tep  fo rw a rd  on th e  r ig h t  f o o t ,  
b r in g  th e  l e f t  fo o t  up to  jo in  i t ;  s te p  to  the  
r ig h t  on the  r ig h t  fo o t ,  b r in g  up th e  l e f t  
f o o t ;  s te p  backward on the  l e f t  f o o t ,  b r in g  th e  
r ig h t  fo o t  back to  jo in  i t ;  s tep  l e f t  on th e  
l e f t  f o o t ,  b r in g  th e  r ig h t  fo o t  to  jo in  i t ;  
s te p  fo rw a rd  on th e  l e f t  fo o t ,  b r in g  th e  r ig h t
up to  jo in  i t ;  s tep  l e f t  on th e  l e f t  fo o t ,
b r in g  th e  r ig h t  up; s tep  back on th e  r ig h t  fo o t ,
b r in g  th e  l e f t  fo o t  to  jo in  i t ;  s tep  r ig h t  on the
r ig h t  f o o t ,  b r in g  the  l e f t  across  to  jo in  i t .
T h is  sequence c re a te s  a f lo o r  p a tte rn  o f  two 
a d ja c e n t squares w ith  the  su b je c t both s ta r t in g  
and f in is h in g  a t  the  same spot.
L. m m.L
6 R L 2
7 5 1 3
8 4 L,R
R.L L.M
F ig u re  X .B . i :  "Movement p a tte rn  f o r  the  B e lin d a  Neave t e s t . "
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The p a t te rn  was dem onstra ted a number o f tim e s  u n t i l  th e  
s u b je c t f u l l y  understood w hat was re q u ire d ;  th e  speed o f the  
movement was emphasized as be ing  o f im portance and th a t  every 
e f f o r t  shou ld  be made to  m a in ta in  th e  dem onstrated speed. The 
t e s t  was scored as th e  number o f m is ta ke s  made in  com p le ting  th e  
p a t te rn  th re e  t im e s . T h is  t e s t  was perform ed in  th e  gymnasium 
and was v id e o 'd  to  a id  in  th e  assessm ent.
A i Visual-motor op-or dinatijoh
(a ) Hand S tea d ine ss ; th e  s u b je c t had to  pass a sm a ll 
r in g  (d ia m e te r 1 cm.) on th e  end o f a w ire  rod  a long  
a convo lu ted  w ire  fram e w ith o u t  to u ch in g  i t .
Contact o f th e  r in g  on th e  w ire  ccxnpleted an e le c t r ic a l  
c i r c u i t  causing  a sm a ll b u lb  to  l i g h t  up. T h is  
i l lu m in a t io n  was d e te c te d  by a l ig h t - s e n s i t iv e  c e l l  
connected to  a t im in g  d e v ic e . Thus co n ta c t o f the  r in g  
w ith  th e  w ire  was tim e d . Three measures were ob ta ined  
as fo l lo w s :
i ; t o t a l  tim e  to  com plete  th e  c i r c u i t .
i i ;  c o n ta c t tim e .
i i i ; c o n t a c t  t im e / to ta l  t im e .
(b )  R otary  P u rs u it ;  th e  s u b je c t was re q u ire d  to  fo l lo w  
a moving l i g h t  around a s ta r-s h a p e d  p a tte rn  w ith  a 
l ig h t - s e n s i t iv e  ro d . As above, t im e  in  c o n ta c t was 
measured. The l i g h t  ro ta te d  a t  10 rpm f o r  a te s t
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d u ra t io n  o f 20 seconds. The s u b je c t was g iv e n  one 
t r i a l  run  and then th re e  te s t  runs  each separa ted  by 
20 seconds r e s t .  The te s t  measure was th e  t o t a l  tim e  
in  c o n ta c t.
(c )  Gross p e rc e p tu a l-m o to r (S te p p in g  S ton e s);
The s u b je c t was re q u ire d  to  ru n ,jum p  o r hop 
in  o rd e r to  la n d  e i th e r  fo o t  on a s e r ie s  o f 
p o in ts  marked on th e  f l o o r  (c ro sse s  were 
marked u s in g  2 " red  tape w ith  the  d ia go n a ls  
a p p ro x im a te ly  6 " lo n g ) .  The p o in ts  were 
i r r e g u la r ly  spaced so as to  re q u ire  changes 
o f  d ir e c t io n  and s t r id e  le n g th  (see be low ).
Scale: '----- ' = 1 yard
X
^  X  X X





F ig u re  X . B . i i :  "Movement p a t te rn  f o r  s te p p in g -s to n e  t e s t . "
The te s t  was o r ig in a l ly  measured in  fo u r  ways: 
i ;  the  number o f s te p p in g -s to n e s  m issed, 
i i ;  an assessment o f number o f p o in ts  o f lo s s  
o f rhythm  o r h e s i ta t io n ,  
i i i ; t h e  number o f e x tra  s te p s  taken  in  between 
th e  s tones .
X
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i v ;  tim e taken to  run the  course.
The s u b je c ts  were in s t ru c te d  to  run  the  course as f a s t  as 
p o s s ib le , th a t  every  c ro ss  must be stood upon and th a t  th e re  
shou ld  be no e x tra  s tep s  on th e  bare f lo o r .
The te s t  was in te n d e d  to  assess th e  a b i l i t y  to  t r a n s la te  th e  
v is u a l p e rc e p tio n  o f  th e  p a t te rn  in to  th e  g ross  body movements 
re q u ire d  to  fo l lo w  th a t  p a t te rn .
(d ) A c i r c u i t  was marked o u t us ing  l i g h t  b o l la rd s
and th e  s u b je c t a llo w e d  to  w a lk  th e  c i r c u i t  tw ic e .
He was th e n  im m ed ia te ly  b lin d fo ld e d  and asked 
to  w a lk  th e  c i r c u i t  once aga in . The te s t  p ro v id e d  
two measures:
i ;  t o t a l  number o f m is takes  (e .g . w a lk in g  in t o  
b o l la r d s  o r tu rn in g  th e  wrong d i r e c t io n ) ,  
i i ;  th e  tim e  taken  to  com plete the  c i r c u i t .
T ests  6c and 6d were v id e o ’ d to  a id  t h e i r  assessment. 
h .  Kncwledga Body. Poaitio^i
(a ) The s u b je c t was shewn a s lid e  o f a person in  a
p a r t ic u la r  body p o s i t io n  f o r  10 seconds. They 
were the n  shown a s l id e  o f fo u r  body p o s it io n s  
o f which one was e x a c t ly  th e  same as th e  f i r s t  
s l id e  and th re e  were s l ig h t l y  d i f fe r e n t  in  v a r io u s  
ways. The s u b je c t was shown t h is  second s l id e  
f o r  10 seconds d u r in g  w h ich  tim e  they had t o  mark
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on a s p e c ia l answer sheet which o f the  fo u r  
p o s it io n s  was th e  same as the  o r ig in a l .  F if te e n  
p a irs  o f  s l id e s  were shown
(b ) The s u b je c t was shewn a s l id e  o f a person  in  a 
p a r t ic u la r  body p o s i t io n  f o r  10 seconds d u r in g  
w h ich  tim e  they had to  adopt th e  same p o s i t io n  
( th e  p o s i t io n  had to  be in  an id e n t ic a l  o r ie n ta ­
t io n  to  th e  p ic tu r e  on the  screen; i . e .  a m ir ro r  
image was n o t regarded as be ing  c o r r e c t ) .  Each 
p o s i t io n  adopted was g ive n  an e r r o r  sco re  
assessed as fo l lo w s :
P lacem ent; wrong lim b s  used = 1 m is ta ke  u n le s s ;
M ir r o r ;  i f  m ir ro r  image but o th e rw ise  c o r re c t  = 1 m is ta ke , 
( n .b .  any com b ina tion  o f m irro re d  e r r o r  o th e r than  a p e r fe c t  
m ir r o r  image i s  counted as sepa ra te  e r ro r s  o f p lacem en t.) 
Limb a n g le s ; 1/2 m istake  fo r  each j o i n t  ang le  e r ro r .
Torso ; C o n tra c tio n  in s te a d  o f e x te n s io n  and v is a  ve rsa  
= 1 /2  m is ta ke .
c o n tra c t io n /e x te n s io n  in s te a d  o f  s t r a ig h t  body and 
v is a  ve rsa  = 1 m is take .
Head; e le v a t io n  e r r o r  (up -  h o r iz o n ta l -  down) = 1 m is ta ke , 
d ir e c t io n  e r r o r  (s id e  -  f r o n t  -  back) = 1 m is ta ke , 
(maximum o f 1 head m is ta k e ).
D ir e c t io n ;  whole body a t  wrong a ng le  to  obse rve r = 1 m is ta ke .
There w ere a t o t a l  o f 15 s l id e s  and th e  f i n a l  score was th e  
sun o f each e r r o r  sco re .
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These te s ts  were adapted from  Stone (1979) who used s t ic k -  
f ig u r e  draw ings ra th e r  th a n  photographs o f a re a l person. Her 
w ork was consequently  c r i t i c i s e d  on th e  grounds th a t  many o f  th e  
draw ings were ambiguous s in c e  th e  ju x ta p o s i t io n  o f the  lim b s  and 
t ru n k  was no t a lways a p p a re n t. The second t e s t ,  7b, was v id e o 'd  
and th e  s top -fram e  f a c i l i t i e s  th a t  t h i s  o ffe re d  were v i t a l  in  
i t s  assesanent.
8j. Perçgptual lêats
(a ) W itk in 's  Embedded F ig u re s  T es t (see study one f o r  
d e t a i ls ) .
(b ) S e lf  Awareness; a d i f f e r e n t  t e s t  to  th e  p re v io u s ly  
mentioned B .B .S . o r P.S. was used.
The s u b je c t s im p ly  had to  w r i t e  down 20 th in g s  
o f which they were aware. The te s t  score  was the  
number o f s e l f - r e la te d  ite m s  (e .g . fe e l in g  warm 
o r w o rry in g  about a p iece  o f work th a t  had to  be 
done). N o n -s e lf ite m s  m ig h t be no ises  o u ts id e  the  
room o r the  roan be ing  warm (w ith  no re fe re n ce  to  
them selves be ing  warm) f o r  example.
(c )  The B .B .S ./P .S . as measured in  th e  f i r s t  p a r t  o f th e  s tud y
Test 8b was take n  from  F is h e r  and F is h e r (1964) and was regarded  
by them as te s t in g  a s im i la r  fo rm  o f s e l f  awareness as T es t 8c .
I t  was f i n a l l y  decided to  use t h is  in  p re fe rence  to  the  B .B .S .
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due to  i t s  r e la t iv e  b r e v ity  and ease o f s c o r in g .
(d ) T h is  was th e  R .P .E . accuracy score measured as th e  
v a r ia n c e  amongst ra t in g s  o f e f f o r t  f o r  f i v e  equal 
w o rk lo a ds . There were th re e  measures:
i  ; C e n tra l R. P. E. 
i i ;  L o ca l R .P .E. 
i i i ;  O v e ra ll R .P .E.
(e ) T h is  was th e  R .P .E. accuracy score measured as th e  
c o r r e la t io n  c o - e f f ic ie n t  between th e  r a t in g  o f 
p e rce ive d  e f f o r t  and h e a r t - r a te  on d is - s im i la r  
w o rk lo a d s . There were th re e  measures:
i ;  C e n tra l R .P.E. 
i i ;  L o ca l R .P .E . 
i i i ;  O v e ra ll R .P.E.
C o rre la t io n s  between th e  th re e  R.P.E. measures f o r  bo th  te s t  8d 
and 8e were so h ig h  as to  re n de r the  re te n t io n  o f a l l  th re e  a 
p o in t le s s  e x e rc is e . A c c o rd in g ly , o n ly  th e  o v e r a l l  R .P.E. 
measure was used. I t  was a ls o  decided th a t  th e  v a r ia n c e  
accuracy score  was s u p e r io r  to  th e  c o r r e la t io n  accuracy score  
s ince  i t  d id  n o t depend on an assimed l i n k  between h e a r t - r a te  
and r a t in g  o f  p e rce ive d  e f f o r t .  Only measure 8 d i i i  was 
th e re fo re  used in  th e  f i n a l  da ta  a n a ly s is .
1 l  .Ehy.al.aal .Ear.am.e.ter.@
(a ) E le c tro m yo g ra p h ic  re c o rd in g s  were made w ith  "hananade"
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e le c tro d e s  ( fo l lo w in g  Baamajan, 196?) ove r th e  f r o n t a l i s  muscle 
on th e  fo re h e a d . D e sp ite  th e  e le c tro d e s  w o rk in g  a d e q u a te ly , i t  
was la t e r  d is co ve re d  th a t  th e  s ig n a l a m p li f ie r  was n o t and was 
in t ro d u c in g  a p p a re n tly  random s ig n a ls  in t o  th e  o u tp u t.  As a 
consequence, a l l  E.M.G. da ta  had to  be d isco un ted  and was n o t 
used in  any p a r t  o f the  a n a ly s is .
(b )  The fo l lo w in g  body measurements were made: 
i ;  H e ig h t, 
i i ;  W e igh t.
i i i ;  Pondéra l Index (H t/W t^ ) was c a lc u la te d .
ISLl  Reaction Tims.
R eac tion  tim e s  were measured on standard  R.T. equ ipnen t to  bo th  
v is u a l and a u d ito ry  s t im u l i  as fo l lo w s :
(a ) V is u a l;  re a c t io n  tim e  to  any one o f a f i v e  lamp
d is p la y .  The average f o r  th re e  t r i a l s  was c a lc u la te d .
(b )  V is u a l;
i ; r e a c t io n  tim e  to  a p a r t ic u la r  p a ir in g  o f  lamps.
Two ou t o f f i v e  t r i a l s  were the  c o r re c t  p a ir in g  and 
t h e i r  o rd e r o f  p re s e n ta t io n  was random ised.
The average o f th e  c o r re c t  responses was c a lc u la te d ,  
i i ;  th e  number o f m is takes  made in  9 b i,  
i . e .  re a c t io n s  to  th e  wrong p a ir in g s  o r ,  o c c a s io n a lly ,  
no re a c t io n  to  th e  re q u ire d  p a ir in g .
(c )  A u d ito ry  ; re a c t io n  tim e  to  a g iv e n  to n e .
The average f o r  th re e  t r i a l s  was c a lc u la te d .
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(d ) V is u a l ch o ice  t im e : lO b i -  10a.
(e ) W h ils t  w a it in g  f o r  a v is u a l cue to  re a c t to ,  th e
s u b je c t was g iv e n  th e  a u d ito ry  ton e . I f  th e  s u b je c t 
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No# o f  touches in  sess ion  (30  secs#) 
1. 2# 3.
B o lla rd s  touched  :
"  m issed :
”  knocked o ve r:
'Awkward* m o tion  changes;
© ^  eaoh *5 
@ each = 
© 1 each = 





b i i )
b i i i )
o)
No# o f  m is ta k e s ;










V a ria n ce :




P oor - ' ' -------- - ■ " — — f  Good
d) i )  1 2 3 4 5 6 7
i i )  1 2 3 4 5 6 7
e) i )  1 2 3 4 5 6 7
i i )  1 2 3 4 5 6 7
a) i )  T o ta l tim e  ; T r i a l 1) min# sec. 2 ) ___min# __sec#
3) m in , ____ sec#
i i )  M is ta ke  t im e ; 1) min# _____ sec# 2) min# ____sec#
3) min# sec#
b ) T im e! T r i a l  1) secs# 2) se os. 3) secs
Average tim e 'o n  t a r g e t ' : secs.
c ) ( l )  M issed marks ; Time take n : secs1.
( i i ) L o s s  o f  rhythm ;
M i l  1 E x tra  steD S
d) M is ta ke s  ; Course f in is h e d ? YBS/bO
Time ta ke n : seconds
a) Score :
b ) S core:
a) mins# secs .
b ) S e l f : N o n -s e lf :
c) B .B .S . P .S .
d) V a r ia t io n :
a )
b ) H t:
mV#
inches# W t.: lb s .
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APPENDIX C
A tt itu d e -P re fe re n c e  Questionnaire 
Q uestion  2 :
I n i t i a l l y ,  an a ttem p t was made to  c la s s i f y  s p o r t in g  and 
a c t i v i t y  s k i l l s  in  such a way as to  rank them in  o rd e r o f 
d i f f i c u l t y .  Though i t  i s  f e l t  th a t  t h is  was ach ieved  in  many 
re s p e c ts , d i r e c t  com parison between a c t i v i t i e s  re q u ir in g  
p re do m in a n tly  v is u a l s k i l l s  (e .g . c r ic k e t )  and those  re q u ir in g  
p re do m in a n tly  k in a e s th e t ic  cues (e .g . d iv in g )  can n o t be 
J u s t i f ie d .  The fo l lo w in g  gene ra l s ta tem en ts  were used as th e  
b a s is  o f  c la s s i f ic a t io n .
A) For a g iv e n  type  o f a c t i v i t y ;  "team " a c t i v i t i e s  ( in te r a c t io n )  
re q u ire  more s k i l l  than  " in d iv id u a l"  (non o r l im i t e d  
in te r a c t io n )  ones.
B) For a g iv e n  type  o f a c t i v i t y ;  " to o l use" a c t i v i t i e s  re q u ire  
more s k i l l  than  "n o n - to o l use" ones.
C) For a g iv e n  type  o f a c t i v i t y ;  " in te r c e p t io n "  a c t i v i t i e s  
(o b je c t in  m o tio n ) re q u ire  more s k i l l  than  " s ta t io n a r y "  ones.
D) For a g iv e n  type  o f a c t i v i t y ;  "w ith /v e rs u s  o th e r "  a c t i v i t i e s  
(u n p re d ic ta b le )  re q u ire  more s k i l l  than  "ve rsu s  env ironm en t" 
(p re d ic ta b le )  ones.
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E) For a g iv e n  typ e  o f a c t i v i t y ;  " a e l f - o r ie n ta te d "  (e .g .  
gym nastics) r e q u ir e  more KINAESTHETIC s k i l l  tha n  " w ith  o r  ve rsu s  
o th e r "  (e .g . k a ra te )  ones.
F) For a g iv e n  type  o f a c t i v i t y ;  a c t i v i t i e s  in c o rp o ra t in g  
" v a r ia b le s "  re q u ir e  more s k i l l  tha n  those in c o rp o ra t in g  
"c o n s ta n ts " .
A l l  the  above s ta te m e n ts  r e fe r  to  th e  a c t i v i t y  b e in g  perfo rm ed  
o p t im a lly  and have been used to  p lace  a number o f  s p o r ts  in t o  
c a te g o r ie s  o f  s k i l l  re q u ire m e n t (Tab le  X .C . i ) .
The fo l lo w in g  5 c a te g o r ie s  were subsequently  d e fin e d  f o r  
use in  t h i s  s tu d y :
1) Team, b a l l  in te r c e p t io n ,  to o l/n o n - to o l (e .g .  Hockey,
F o o tb a l l) .
2) In d iv id u a l,  b a l l  in te r c e p t io n ,  to o l/n o n - to o l (e .g .  C r ic k e t ,  
Squash).
3) Person o r ie n ta te d  ve rsu s  s e l f /w i t h  o r ve rsu s  o th e r ,  
to o l/n o n - to o l (e .g .  G ym nastics, F e nc ing ).
4) T e a m /in d iv id u a l,  to o l /n o n - to o l ,  s ta t io n a ry  b a l l  ( e .g .  G o lf)  
and o b je c t o r ie n ta te d ,  ta r g e t  (e .g .  A rc h e ry ).
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5) O b jec t o r ie n ta te d ,  p ro je c t io n  (e .g .  Shot, J a v e l in )  and 
n o n -b a ll,  ve rsu s  env ironm ent, to o l/n o n - to o l (e .g .  C y c lin g , 
R unn ing ).
W h ils t  these  numbers can o n ly  be regarded as ca tegory  le v e l  
d a ta , i t  i s  f e l t  th a t  same o rd e r does e x is t  amongst c a te g o r ie s  
1, 2, 4 and 5 w ith  ca tego ry  1 s p o r ts  g e n e ra lly  re q u ir in g  g re a te r  








































1. What do you re g a rd  as y o u r fa v o u r i te  p a s t- t im e ? .
2 . What s p o r t o r  p h y s ic a l a c t i v i t y  do you l i k e  to  do most 
o f  a l l ? .................................................................. ........................................
3 . Which o f  th e  fo l lo w in g  phrases b es t sums up yo u r a t t i t u d e  
tow ard  s p o r t  and p h y s ic a l a c t iv i t y ?
1 1  I  a lw ays want to  have a go a t e v e ry th in g /c a n  n o t g e t enough. 
1 I I  l i k e  to  work hard  a t  c e r ta in  s p o r t s / a c t iv i t ie s .  
n  I  u s u a lly  fe e l  th a t  I  have b e t te r  th in g s  to  do.
I I I  do as l i t t l e  as p o s s ib le .
4 . Would you d e s c r ib e  y o u r s e lf  as a clumsy person? Y/N
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APPENDIX D
( i )  Loadings o f v a r ia b le s  on 8 fa c to rs  a f te r  r o ta t io n .
a r ia b le FI F2 F3 F4
la -0 .19 2 3 0.4221 0.3918 -0 .19 3 6
Ib i 0.0005 -0 .0361 0.5743 0.0925
I b i i -0 .0227 0.0427 0.2792 -0 .0006
I c i 0.0283 -0 .1348 0.7164 0.1880
I c i i 0 .1655 0.1953 0.4888 0.2575
l e i i i 0 .2700 0.2220 -0 .0082 -0 .0596
2a 0.2880 0.0926 0.0451 0.0864
2c -0 .0287 0.2298 -0 .2916 -0 .3559
2 d i 0.5848 0.2725 0.1675 0.0014
2 d i i 0.1353 0.0089 0.6674 -0 .20 2 8
4a -0 .7778 -0 .1014 0.0414 0.2354
4 b ib 0.4031 0.1559 0.3453 -0 .1047
5a7a -0 .09 0 8 0.0736 0.0053 0.2487
5a7b -0 .01 4 8 -0.0881 0.0534 0.8186
5c 0.0079 0.1335 -0.7587 0.0408
6 a i i i -0 .1 8 1 4 0.2564 0.0156 0.7758
6b -0 .0680 -0 .1915 0.2061 -0 .2500
6 c i i i -0 .94 1 0 -0 .1819 0.0002 -0 .0278
7a -0 .46 0 7 -0 .02 5 2 -0 .1326 0.0407
7b -0 .5487 0.3506 -0 .3580 0.0290
8a -0 .24 8 9 0.0860 0.2847 -0 .1431
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8b 0.2101 0.0092 0.0964 0.1897
8 d i i i -0 .16 5 2 0.1427 0.0095 0.1679
10a -0 .10 0 4 -0 .7693 0.0531 0.0235
lO b i i -0 .5239 0.1899 0.0286 0.0209
10c -0 .0849 -0 .6081 0.1557 -0 .1114
lOd -0 .1565 0.1382 0.2266 -0 .2161
lOe 0.1161 0.6067 -0 .1047 0.1352
i r ia b le F5 F6 F7 F8
la 0.0851 0.0694 0.6082 -0 .0255
I b i 0.2705 0.0294 0.0140 0.1924
I b i i -0 .0223 -0 .64 8 9 -0 .0237 -0 .0054
I c i 0.0328 -0 .12 1 7 -0 .1448 0.1491
I c i i 0.4315 -0 .0227 -0 .03 7 3 -0 .0118
l e i i i 0.6114 -0 .0878 -0 .1029 0.2753
2a 0.0200 0.0294 -0 .1010 -0.7481
2c -0 .0530 -0 .2753 -0 .1974 -0 .5195
2 d i 0.1623 0.0058 -0 .2848 0.1997
2 d i i -0 .1346 -0 .2 5 1 3 0.1328 0.0256
4a -0 .2484 0.0381 0.0573 0.1208
4 b ib -0 .25 3 2 0.3308 -0 .24 5 8 0.1846
5a7a -0 .0364 -0 .32 0 9 0.0720 -0 .6099
5a7b 0.0007 0.0513 -0 .0888 -0 .2471
5c 0.0552 0.0164 0.0020 0.1326
6 a i i i -0 .16 8 9 -0 .09 1 5 0.0336 0.1932
6b 0.7073 -0 .0 3 6 3 -0 .0526 -0 .0588
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6 c i i i 0.0583 0.1562 -0 .2695 0.0701
7a 0.4700 -0 .0471 0.0634 -0 .3775
7b -0 .11 6 2 -0 .2563 -0 .0610 0.1675
8a -0 .6094 -0 .1964 -0 .3370 -0 .2595
8b 0.1358 -0 .3719 -0 .0398 0.6320
8 d l i l 0.0235 -0 .0139 -0 .7730 -0 .3411
10a 0.2440 -0 .17 8 4 -0 .1640 0.0287
lO b i i -0 .0 3 8 8 0.5857 0.0044 -0 .0818
10c —0.0186 0.1824 0.1017 0.1024
lOd 0.0462 0.0584 -0 .5986 0.1298
lOe 0.4223 0.0727 -0 .2097 -0 .2100
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APPENDIX D
(11 ) Values o f D iagonal o f  th e  In ve rse  F ac to r C o rre la t io n  
M a tr ix .
F a c to r 1 
F a c to r 2 
F a c to r 3 
F a c to r 4 
F a c to r 5 
F a c to r 6 
F a c to r 7 











( i l l )  T r ia n g u la r  Pearson C o r re la t io n  M a tr ix  o f  A b i l i t y  Scores.
A b i l i t y A1 A2 A3 A4
A1 —
A2 -0 .2521 —
A3 0.2347 0.1455 —
A4 0.0814 0 .2158 - 0.0374 - —
A5 0.4059 -0 .14 5 6 0.1519 0.1607
A6 0 . 6501** 0.2849 - 0.0347 0.3065
A7 0.4305 0.0395 0.0833 0.3526
A8 -0 .0830 0.4582* 0.1330 0.1045








A8 0 .2032 0.5307 O.56O7 '




The "e v id e n c e " g iv e n  beXcw a g a in s t p e rce p tu a l-m o to r 
a b i l i t i e s  be ing  u n lim ite d  i s  p u re ly  c ir c u m s ta n t ia l and a r is e s  
from  the  a u th o r 's  own s u b je c t iv e  p e rc e p tio n s  concern ing  v a r io u s  
in d iv id u a ls  undergo ing  p ro longed  p ra c t ic e .  What i s  being 
suggested i s  th a t  th e  fo l lo w in g  th re e  people had p a r t ic u la r ly  
low  maximum p o te n t ia ls  in  c e r ta in  p e rc e p tu a l-m o to r a b i l i t i e s  and 
th a t  these  p o te n t ia ls  had a lre a d y  been reached a t  the  onset o f 
the  p e r io d s  to  be d iscu ssed .
C irc u m s ta n tia l ev idence -  case h is to r ie s .
The f i r s t  case i s  th a t  o f a young man ta k in g  up
contem porary dance. I t  was p a r t  o f h is  p e rs o n a lity  to  be
somewhat "h y p e r" ,  t h i s  gene ra l s ta te  o f h igh  a rousa l shewing 
i t s e l f  in  h is  dance s ty le  v ia  ra is e d  shou ld e rs  and tw itc h in g  
f in g e r s ;  c la s s ic  p h y s ic a l tenseness as d e fin e d  by a b i l i t y  2 .
Over th e  span o f  se v e ra l ye a rs  a number o f dance teachers  
emphasized h is  need to  re la x  d u r in g  c la s s . I t  was n o t u n t i l  he
undertook p ro fe s s io n a l dance t u i t i o n  ove r a th re e  ye a r p e r io d ,
however, th a t  h is  dance s ty le  a lte re d  a p p re c ia b ly  but even now, 
f i v e  y e a rs  and many hundreds o f  c la sse s  la t e r ,  he s t i l l  
dem onstra tes t h i s  la c k  o f re la x a t io n  when he moves.
G iven th e  amount o f t u i t i o n  t h i s  p a r t ic u la r  in d iv id u a l has
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re ce ive d  and th e  m in im al change in  h is  ease o f movement, th e  
a u th o r would suggest th a t  th e  concept o f an upper l i m i t  to  t h i s  
a b i l i t y  would seem more l i k e l y .
Again in  i l l u s t r a t i o n ,  i s  th e  case o f a young woman 
a tte n d in g  dance c la sse s  week a f t e r  week who t r ie d  ha rd  a t  c la s s  
and appeared to  be e n jo y in g  h e r s e l f .  Her sense o f o r ie n ta t io n ,  
however, was v i r t u a l l y  n o n -e x is te n t and a ltho u gh  a p p a re n tly  
co gn isa n t o f th e  movement re q u ire m e n ts , d id  n o t seem to  know how 
to  go about making h e r body a d ju s t  to  them. T h is  same young 
woman a ls o  too k  up squash a t  about th e  same tim e  showing s im i la r  
problem s in  o r ie n ta t io n  and no a b i l i t y  to  p re d ic t  th e  m o tio n  o f  
th e  b a l l .  These d id  no t im prove w ith  p ra c tic e  (she had i n  f a c t  
been p la y in g  squash seme tim e b e fo re  ask ing  f o r  c o a c h in g ).
I t  should perhaps be noted th a t  she enjoyed both h e r dancing  and 
h e r squash and i s  a s h in in g  example o f th e  fa c t  th a t  a b i l i t y  and 
enjoym ent a re  n o t, o f  n e c e s s ity , re la te d .
Perhaps i t  i s  a p p ro p r ia te  to  p o in t  out here th a t  th e  use o f 
th e  P.M.A.P. co u ld  o n ly  be used to  in d ic a te  "pe rfo rm ance " 
l im i t a t io n s .  By no means i s  a l im i t e d  a b i l i t y  be ing  equated 
w ith  a l im ite d  enjoym ent o f s p o r ts  p a r t ic ip a t io n ,  a phenomenon 
th a t  i t s e l f  appears to  e n jo y , th a n k fu l ly ,  no r a t io n a l  
e x p la n a tio n .
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A f i n a l  example is  o f a no th e r young woman w a n tin g  to  
p a r t ic ip a te  in  some form  o f p h y s ic a l a c t i v i t y  who, perhaps 
because she recogn ised  h e r own shortcom ings, too k  up ru n n in g ; a 
s p o r t  c a te g o r is e d  as re q u ir in g  v e ry  l i t t l e  p e rce p tu a l s k i l l .  I t  
was observed a t  th e  tim e  th a t  h e r ru n n in g  s ty le  was e x tre m e ly  
awkward w ith  no re a l le g  th r u s t ,  no use o f th e  arms and a ve ry  
u p r ig h t  p o s tu re . She a lw ays ra n  a t  the  same pace, never 
a tte m p tin g  to  s p r in t  th e  f i n a l  s tages o f  a ra ce . When asked to  
s p r in t  she appeared n o t to  be a b le  to  in c o rp o ra te  th e  fo rw a rd  
le a n  o f th e  body nor the  h ig h e r  le g  l i f t  re q u ire d ; she d id  no t 
appear to  be ab le  to  a l t e r  h e r s ty le  a t  a l l .  At th e  same tim e , 
she began a tte n d in g  an a e ro b ic s - ty p e  c la s s  tw ic e  a week. I t  was 
im m e d ia te ly  n o tic e d  th a t  no t o n ly  d id  she perfo rm  th e  e x e rc is e s  
ju s t  out o f i^n ch ro n y  but th a t  the  movements seemed to  be 
e xa g e rra te d  as though s l ig h t l y  ou t o f c o n t r o l .
Four ye a rs  la t e r ,  she i s  a l o t  f i t t e r  p h y s io lo g ic a l ly  bu t 
s t i l l  runs  w ith  e x a c t ly  th e  same g a i t ,  s t i l l  appearing  to  be 
unable to  a l t e r  her s ty le  f o r  s p r in t in g .  She has co n tin u ed  to  
a tte n d  th e  a e ro b ics  c la sse s  r e g u la r ly  o ve r the  fo u r  ye a rs , 
sometimes go ing  fo u r  tim es a week. I t  w ou ld  n o t be u n fa ir  to  
suggest th a t  h e r movement i s  e q u a lly  a n a rc h ic . Whether t h is  
i d io  synch r a t io  mode o f perform ance i s  due to  a la c k  o f  awareness 
o f  ju s t  what h e r body i s  do ing  o r  w he the r i t  i s  due to  poor 
m o tor c o n tro l i s  d i f f i c u l t  to  say. The a u th o r i s  o f  th e  
o p in io n , however, th a t  i t  i s  th e  fo rm e r s in ce  she does n o t 
appear to  r e a l iz e  th a t  she i s  do ing  a n y th in g  d i f f e r e n t  from  th e
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o th e r  people  in  th e  c la s s . T h is  a b i l i t y ,  o r  la c k  o f i t ,  has n o t 
a p p re c ia b ly  im proved d u r in g  a l l  t h is  tim e and w ith  a l l  t h is
p ra c t ic e .  One m ig h t w e l l  argue th a t  he r p o te n t ia l had been
reached and was n o t open to  change.
Hiese case h is t o r ie s  a re  in ten d ed  to  i l l u s t r a t e  th a t  
p ra c t ic e  does n o t a lw ays le a d  to  improvement. I t  i s  proposed 
th a t  th e  reason  in  these  p a r t ic u la r  examples i s  because 
perform ance maxima had a lre a d y  been reached and cou ld  n o t be 
breached. The in d iv id u a ls  d esc ribed  in  these th re e  cases a re  
n o t unusual and they  c e r ta in ly  would no t s tand ou t in  th e  course
o f norm al, everyday a c t i v i t i e s .  Indeed, the  f i r s t  case
d e sc r ib e d  co u ld  be regarded  be ing  g i f te d  in  many o f h is  o th e r 
p e rc e p tu a l-m o to r a b i l i t i e s ,  as i s  im p lie d  by h is  acceptance by 
one o f B r i t a in 's  le a d in g  dance schoo ls . I t  i s  f e l t ,  a ls o , th a t  
they i l l u s t r a t e  th a t  perform ance maxima a re  s u b je c t to  g ro ss  
in d iv id u a l  d if fe re n c e s .  These d if fe re n c e s  in  p o te n t ia l ,  i t  i s  
proposed, a re  n e u ro lo g ic a l ly  s e t and a re  u n a lte ra b le .
